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PART THIRD. 
Containing various Problems in Mechanics. 

AFTER arithmetic and gçometry, mechanics is the next 
of the physico-mathematical sciences having their certaittty 
resting on the simplest foundations. It is a science also 
the principles of which, when combined with^ geometryi 
are the most fertile and of the most gçneral use in Ibe 
other parts of the mixed mathematics. All those mathe* 
maticians therefore who have traced out the development 
of mathematical knowledge, place mechanics immediately 
after the pure mathematics, and this method we shall here 
adopt also. 

We suppose, as in every other part of the mathematics 
introduced into this work, that the reader iiï acquainted with 
the first principles of the science of which we treat. Thus, 
in regard to mechanics, we suppose him acquainted with 
the principles of equilibrium and of hydrostatics; with the 
chief laws of motion, Sec: For it is not our intentio^i to 
teach these principles; but only to present a few of the 
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most curious and remarkable problems, which arise from 
them. 

P^OBI^EM I. 

To cause a ball to proceed in a retrograde direction^ though 
it meets with no apparent obstacle^ 

Place an ivory ball on a billiard table, and give it a^ 
stroke on the side or back part, with the edge of the open 
hand, in a direction petpmidicular to the tablé, or down* 
ward.— It will then be seen to proceed a few inches for- 
ward, or towards the side where the blow ought to cany 
it; after which it will roll in a retrograde direction, as it 
were of itself, and without haying met with any obstacle. 

Remabk. — This e£kct is not contrary to the well known 
principle in mechanics, that a body once put in motion^ 
in any direction, will continue to move in that direction 
until some foreign cause oppoite and prevent or turn iU 
For, in the present case, the blow given to the ball^ com- 
municates to it two kinds of motion ; one of rotation about 
its own centre, and the other direct, by which its centm 
Éiove» parallel to the table, as impelled by the blow. The 
latter tiiotion, on account of the friction of the ball on thé 
taMe, is soon annihilated; but the rotary motion about 
the centre «continues, and when thé former has ceased, tfaa 
latter makes the ball roll on the retrograde direction. In 
this effect, therefore, there is nothing contrary to the well 
known laws of mechanics. 

PBOBLEM U. 

To make a false ball , for playing at nine pw* 

Mal^ç a bole in a common ball used for playing at the 
fji^oye g^mQ » but in sifch a manner as not to proceed em-^ 
tir^ tQ the centre; then put some lead into it, and close 
il with a piece of wood, so that the joining may not be 
oaaily perceived. When this ball is rolled towards thei 
pini^ i% wiU not fail to turn aside from the proper direc- 
ya0,.ttukMs thrown by chance or Posterity in* /socb a man-^ 
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ner^ that the lead shall turn exactly al the top and bottom 
while the ball is rolling. 

Rbmabk. — The fault of all balls used for billiards de- 
pend» on this principle. For, as they are all made of 
ivory, and h&^ in every mass of that substance, there are 
always some parts more solid than others, there is not a 
^gle ball perhaps which has the centre of gravity ex- 
actly in the; centre of th^ figure. On this account every 
ball deviates more or less from the line in which it is im« 
peHecjj when a slight motion is communicated to it, in 
order to make it proceed towards the other side of thfs 
billiard table, unless the heaviest part be placed at the top 
or bottom. We have heard an eminent maker of these baUs 
declare, that he would give two guineas for a ball that should 
he uniform throughout ; but that be bad pever been abl^ 
to find one perfectly free firom the above mentioned fault. 
. Hence it happens, that wiien a. player strikes the bfUl 
fSfBoady^ b<^ often imagines that be bas stnick it unskilfully, 
w played badly; while his want of success is entirely the 
consequence of a fault in the ball. A good billiard play^, 
iiefore he engages to play for a large som, ought carefully 
Jta try the ball, in order to discover th^ heaviest and ligho- 
est parts. This precaution was communioated to us by a 
first rate player. 

. PBOBLEM III. 

Bap Jto eonjstruct a balance, which shall ^pearjust when not 
loaded^ as well as when loaded with unequal weights. 

We certainly do not here intend to teach people how to 
oemmit a fraud, which ought always to be condemned ; 
i>ttt tnerely to show that tliey shduld be on their guard 
against false balances, which often appear to be exacst ; 
and that in purchasing valuable articles, if they ate not 
'weU acquainted with the vender, it is necessary to examine 
the. balance, and to subject it to trial. It is possible in- 
*4eed to make one, which when unloaded shall be in pen^ 
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feet equilibrium, but which shall nevertheless be false. 
The method is as follows : 

Let A and b be the two scales of a balance, and let A be 
I lieavier ihan b ; if the arms of the balance be made of un- 
equal lengths, in the same ratio as the weights of the two 
scales, and if the heavier scale a be suspended from the _ 
'Bliorter arm, and the ligliter scale b from the longer, these 
scales when empty will be in equilibrium. They will be 
in equilibrium also when they contain weights which are 
to each other in the same ratio as the scales, A person 
ihetefore unacquainted with this artifice will imagine the 
weights to be equal ; and by these means may be imposed 
in. . I 

Thus, for example, if one of the scales weighs 15, and l 
Ae other 16 ; and if the arms of the balance from which 
b'ihey are suspended be, the one 16 and the other 1.5 inches 
fiTO length; the scales when empty will be in equilibrium, 
•and they will remain so when loaded with weights which 
•ere to each other in the ratio of 15 to 16,the heaviest being 
pat into the heaviest scale. It will even be difficult to ob- 
i «erve this inequality in the arms of the balance. Every 
I time therefore that goods are weighed with such a balance, 
L by putting the weight into the heavier scale and the mer- 
i chandise into the other, the purchaser would be cheated of 
ka 1 6th part, or an ounce in every pound. 

Bui, this deception may be easily detected by transpos- 
E ing the weights ; for if they are not then in equilibrium, 
Ijit is a proof that the balance is not just. 

And indeed in this way the true weight of any thing may 
be discovered, even by such a false balance, namely, by 
first weighing the thing in the one scale, and then in the 
other scale ; for a mean proportional between the two 
weights, will be the true quantity ; that is, multiply the 
numbers of these two weights together, and take the square 
root of the product. Thus, if the thing weigh 16 ounces 
in the one scale, and only 14 in the other: then the pro- 
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duct of 16 multiplied by 14 is 224, the square root of which 
gives 14|§ for the true weight, or nearly 15 ounces. Or 
indeed the just weight is found nearly by barely adding 
the two numbers together, and dividing the sura by 2. 
Thus 16 and 14 make SO, the half of which, or 15, is the 
true weight very néariy. 

PROBLEM IV. 

To find the centre of gravity of several weights. 

As the solution of various problems in mechanics de- 
pends on a knowledge of the nature and place of the centre 
of gravity, we shall here explain the principles of its 
theory. 

The centre of gravity of a body, is that point around 
which all its parts are balanced, in such a manner, that if 
it were suspended by that point, the body would remain 
at rest in every position, in which it might be placed 
around that point. 

It may be readily seen that, in regular and homogeneous 
bodies, this point can be no other than the centre of magni- 
tude of the figure. Thus, the centre of gravity in the 
globe and spheroid, is the centre of these bodies \ in the 
cylinder it is in the middle of the axis. 

The centre of gravity between two weights, or bodies 
of different gravities, is found by dividing the distance be- 
' tween their points of suspension into two parts, which shall 
be inversely proportional to the weights ; so that the shorter 
part shall be next to the heavier body, and the longer part 
towards the lighter. This is the principle of balances with 
^ unequal arms, by means of which any bodies of different 
weights may be weighed with the same weight, as in the 
steel yard. ^ 

- When there are several bodies, the centre of gravity of 
two of them must be found by the above rule ; these two 
are then supposed to be united in that point, and the com* 
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WÊtm ceoUeof gfaTÎtybetireeD tbeai and the third ii lobe 
iDOod in the «une manner, and so of the rest. 

Let the wd^rts a, b and c, for example, be saspended 
ftom three points of the line or balance pf (pi. 1 fig. l)% 
wUch we shall suppose to baTe no weight. Let the body 
▲ weigh 108 pounds; b 144, and c 180; and let tbedif 
stance de be 1 1 inches, and ef 9. 

¥mi find the common centre of gravity of the bodies b 
and c, by dividing the distance ef, or 9 inches, into two 
parts, which are to each other as 144 to 180, or as 5 to 4. 
These two parts will be 5 and 4 inches; the greater of 
whicrb most be placed towards the smaller weight : the 
body B being here the smaller, we shall have eg ecjual to 
5 inches, and fg to 4 ; consequently dg will be 16. 

If we now suppose the two weights b and c, united into 
one in the point g^ and consequently equal in that point 
to 324 pounds ; the distance dg, or 16 inches, must be di- 
vided in the ratio of 108 to 324, or of 1 to 3. One of these 
parts will be 12 and the other 4; and as a is the less weight, 
DH must be made equal to 12 inches, and the point h will 
be the common centre of gravity of all the three bodies, as 
required. 

Ihe result would have been the same, had the bodies a 
and b been first united. In short, the rule is the same 
whatever be the number of the bodies, and whatever be 
their position in the same straight Une, or in the same 
plane. 

This may suffice here in regard to the centre of gravity^ 
But for many curious truths, deduced from this considera- 
tion, recourse may be had to books which treat on me- 
chanics. We shall however merntion one beautiful principle 
in this science deduced from it, which is as follows : 

^ several bodies or weights be so disposed^ that by wm^ 
municating motion to each other, their common centre of 
gravity remains at rest, or does not deviate from ihe hori- 
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«vbrf Kmf^ thû$As to/$tgf neither rises ner/àUèf there will 
then be an equMSbrmn* 

The demonstration of- thia principle ii almost evident 
firom its enunciation j and it may be employed %o demon* 
strate all the properties of machines. But we shall leave 
the application of it to the reader. 

Remark.— As this is the proper place, we shall here 
discharge a promise made in the preceding volume, prob. 
72 Geonu viz, to resolve a geometrical problem, the sola* 
tion of which, as we said, seems to be only deducible from 
the property of the centre of gravity, 

Let the proposed irregular polygon then be abgds 
(p]. 1 fig. 2 No. 1); the sides of which are each divided 
into two equal parts, in a, i, c, d and ^, from which re» 
suits a new polygon abcdea; let the aides of the latter 
be each divided also into two equal parts, by the pointa 
d^h\c\d!^éy which when joined will give a thiid polygon 
d V €f d! if d ; and so on. In what point will this division 
terminate? 

To solve this problem, if we suppose equal weights 
placed at a, A, c, d^ e, their common centre of gravity will 
be the point required. But, to find this centre of graviQTp 
we must proceed in the following manner, which is ex- 
ceedingly simple. First draw a h (fig. 2 No. 2), and let 
the middle of it be the point/,- then àmw/e, and divide 
it in gf in such a manner ÙïdXfg shall be one third of it^ 
draw also g d, and let ^ A be the fourth of it ; in the last 
place, draw h e and let h i be the fifth of it : the weight e 
being the last, the point i, as may be demonstrated froip 
what has been In^fore said; will be the centre of gravity of 
the five equal weights placed at a, 6, c, d and e; and will 
3olve the proposed problem. 

PROBLEM V. 

iflm tméfereens tarry a burt/ien, by means of a Uver or 
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• poU^ which they support 4tt the extremities ; to finà hm 
much of the weight is borne by each person. 

It may be readily seen that, if the weight c were exactly 
in the middle of the lever ab (pi. 1 fig. 3), the two persons 
would each bear one half. But if the weight is not in the 
middle» it can be easily demonstrated, that the parts of the 
ireight borne by the two persons, are in the reciprocal 
ratio of their distance from the weight. Nothing then is 
necessary but to divide the weight according to this ration 
and the greater portion will be that supported by the per- 
son nearest the weight, and the least that supported by 
die person farthest distant. The calculation may be made 
by the following proportion : 

' • As the whole length of the lever ab, is to thé length 
A-s^ so is the whole weight, to the weight supported by the 
i>ower or person at the other extremity b ; or as ab is to 
BB, so is the whole weight, to the part supported by the 
power or person jirtaced at a.' 

If ab, for example, be 6 feet, the weight c 150 pounds, 
AB 4 feet, and be 2, we shall have this proportion : as 6 
is to 4, so is 150 to a fourth term, which will be 100. The 
person placed at the extremity b, will therefore support 
100 pounds, and consequently the one placed at a will 
l»ve to support only ^0. 

^ Remark. — ^The solution of this problem affords the 
means of dividing a burthen or weight proportionally to 
the strength of the agents, employed to raise it. Thus, 
Yor example, if the one has only half the strength of the 
t>tber, nothing is necessary but to place him at a distance 
from the weight double to that of the other. 

PROBLEM VI. 

How 4, 8, 16 or 32 men mmf be distributed in such a nua^ 
ner, as to carry a considerable burthen with ease. 

If the burthen can be carried by 4 men, afiter 
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maife it fast to the middle of a large lever ab (pi. 1 fig*' 4) 
cause the extrranities of this lever to rest on two shorter 
ones CD and ef, and place a man at each of the points 
Cf j}f E and F : it is evident that the weight will then be 
equally distributed among these four persons. 

If 8 men are required, pursue the same method with the 
levers cd and ef, as was employed in regard to the first; 
that is, let the extremities of cb be supported by the two 
shorter ones a b and c d; and those of ef by the levers ef 
and gh : if a man be then stationed at each of the points 
a» b^ c, d, e,/, g^ A, they will be all equally loaded. 
^ The extremities of the levers or poles ab,cd, tf^ and 
ghy might, in like manner, be made to rest on others 
placed at right angles to them : by means of this artifice 
the weight would be equally distributed among 16 men^ 
and so of any other number. 

We have heard that this artifice is employed at Con* 
stantinople, to raise and carry the heaviest burthens, such 
as cannons, mortars, enormous stones, Sec. The velociQr^ 
it is added, with which burthens are transported from one 
place to another by this method is truly astonishing, 

PROBLEM VII. 

A rope ACS (pi. 1 fig. 5), of a determinate lengthy being 
made fast by both ends, but not stretched^ to two points of 
unequal height , a and b ; what position wiU be assumed 
by the weight p, suspendedfrom a pulley, which rolls freely 
on that rope ? 

From the points a and b, let fall the indefinite vertical 
•lines AD and bg ; then from the point a, with an opening 
of the compasses equal to the length of the rope, describe 
an arc of a circle, intersecting the vertical line bg, in e ; 
and from the point b describe a similar arc of a circle, in- 
tersecting the vertical line ad in d : if the lines ae and bd 
•be then drawn, the point c, where they cut each other, 
will give the position ,of the rope acb, when the weight 
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fasts à&sUmëd that position in which it must rest ; and the 
(M)ittt é ^\l\ bfe that in which the puUey will settle. For it 
may be easily dèmonâtrated, that in thi^ situati^on the 
Wtsight ^ will be in the lowest position pbssibie^ which is 
an invariable principle of the centre X)f gratrity. 

PROBLEM vui. 

n cause a pail full of water to be supported by aMick, uni 
half of which oniy^ or less^ rests on the edge of a table. 

To make thé reader comprehend properly the fiaethod 
of performing this trick, in regard to equilibrium ; which 
Is but ill explained In the old books of Mathematical Re- 
, creations, both in the text and in the engraving ; we have 
given, in the 6th figure of the 1st plate, a section of thé 
table arid the bucket. 

In this figure, let ab be the top of the table, bh which 
is pliaéed the stick cd. Convey the handle of the bucket 
bvifir this stick, in such a manner that it may rest on it iti 
ati inclined position ; and let the middle of the bucket be 
within the edge of the table. That the whole apparatus 
may be fixed in this situation, place another stick gfb, 
with one of its ends resting against the corner g of the 
bucket, while the middle part rests against the edge f, of 
die bucket, iand its other extremity against the first stick 
fcD, irt E, wherç there ought to be a notch to retain it. By 
tbese means the bucket will remain fixed in that situation, 
without being able to incline to either side ; and if liot al- 
ready full of water, it may be filled with safety ; for its 
eentre of gravity being in the vertical line passing through 
thé point H, which itself meets with the table, it is evident 
that the case is the same as if the pail were suspended from 
Ae point of the table where it is met by that vertical. It 
1ft also evident that the stick cannet slide aiong the table, 
nor move on its edge, without raising the centre of gravity 
of the bucket, and of the water it contains. The heavier 
thtlrefore it is, the greater will be the stability. 
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REMAKK.-^-^AccorcKiig to this principle^ TAiioas other 
tricks of the same kind, which are generally propoBtd ia 
bMks on mechanics, may be performed. JPor example^ 
proyide a bent book dof, as aeen at the opposite end of 
the same figure, and insert the part, fi^ in tbe pipe of a 
key at o, which must be placed on the edge of a table ; 
from the lower part of the hook suspend a weight o, and 
dispose the whole in such a manner that the Vertical Kne 
OD may be a little within the edge of the table. When 
this arrangement has been made, the weight will not fall, 
and the case will be the same with the key, which had it 
been placed alone in that situation would perhaps hart 
fallen ; and this resolves the following mechanical problem^ 
j^oposed in the form of a paradox: A body having a 
tendency to fall by its own weighty how to prevent it from 
fBdHn0f by adding to it a weight on the same side on which it 
tends to fall. 

The weight indeed appears to be added on that side, 
but in reality it is on the opposite side. 

PROBLEM IX. 

To hold a stick upright on the tip of the finger ^ without its 

being able to fall. * 

Affix two knives, or other bodies, to the extremity of 
the stick, in such a manner that one of them may incline 
to one side, and the second to the other, as seen in the 
figure (pi. 2 fig. 7): if this extremity be placed on the tijif 
of the finger, the stick will k«ep itself upright, without 
falling ; and if it be made to incline, it will raise itself 
, again, and recover its former situation. 

For this purpose, the centre of gravity of the two 
Weights added, and of the stick, must be below the point 
of suspension, or the extremity of the stick, and not at the 
extremity, as asserted by Ozanam; for in that case there 
would be no stability. 

It b the same principle that keeps in an upright position 



/ 



12 MECHANICAL PROBLEMS. 

those small figures furnished with two weights, to counter- 
balance them ; and which are made to turn and balance, 
>irhile the point of the foot rests on a small ball, loosely 
placed on a sort of stand. Of this kind is the small figure 
.D (fig. .8 p]. 2), supported on the stand i, by a ball . £, 
through which passes. a bent wire, having affixed to its 
extremities two , balls of lead c and f. The centre of 
gravity of the whole, which is at a considerable distance 
^elow the point of support, maintains the figure upright, 
and makes it. resume its perpendicular position, after it 
has been inclined to either side; for this centre tends to 
pla.çe itself as low as possible, which it cannot do without 
making the figure stand upright. 

By the same mechanism, three knives may. be disposed 
in such a manner as to turn on tjbe point of a needle; fpjr 
being disposed as seen in the figure (fig..9 pi. 2) and placed 
in equilibrio on the point of a needle held in the hand, 
jthjey cannqt fall^ because their common centre of gravity 
is far below the point of the needle, which is above the 
point of support. 

PROBLEM X. 

To construct a figure, which, without arty counterpoise, shall 
always raise itself upright, and keep in that position, or 
regain it, however it may be disturbed. 

Make a figure resembling a man of any substance ex- 
ceedingly light, such as the pith of the elder tree, which 
b soft and can be easily cut into any form at pleasure. 
Then provide for it an hemispherical base of some very 
heavy substance, such as lead. The half of a leaden bullet, 
made very smooth on the convex part, will be proper for 
this purpose. If the figure be cemented to the plane part 
of this hemisphere ; then, in whatever position it may be 
placed, as soon as it is left to itself, it will rise upright 
(fig. 10 pi. 2); because the centre of gravity of its hemi- 
spherical base being in the axis, tends to approach the 
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horizontal plaue as much as possible, and this can never 
be the case till the axis becomes perpendicular to the 
horizon ; for the small figure above scarcely deranges- it 
from its place, on account of the disproportion between its 
weight and that of its base. 

In this manner, were constructed those small ûgarts 
called Prussians, sold at Paris some years ago. They 
were formed into battalions, and being made to fall down 
by drawing a rod over them, they immediately started up 
again as sood as it was removed. 

Screens of the same form have been since invented^ 
which always rise up of themselves, when they happen to 
be pressed down. 

PROBLEM XI. 

If a rope acb, to the extremities of which are affixed the 
given weights p and q, be made to pass over two pulUys ▲ 
and B ; and if a weight r be suspended from the point e, 
iy the cord rc ; what position will be assumed by the three 
weights and the rope acb ? (fig. 1 1 pL 2). 

In the line a b, perpendicular to the horizon, assume 
any part a c, and on that part as a base, describe the tri- 
angle ad c, in such a manner, that a c shall be to ci/, as 
the weight r, to the weight p; and that a c shall be to a i/, 
as R to Q ; then through a, draw the indefinite line Ac 
parallel to cd-^ and through b, draw bc, parallel to ad: 
the point «, where these two lines intersect each other, 
will be the point required, and will give the position acb 
of the rope. 

For, if in RC continued we assume cd, equal to a c, 
and describe the parallelogram edfc ; it is evident that 
we shall have cf and C£, equal to cd and ad\ and there- 
fore the three lines ec, CD,and cf will be as the weights 
p, & and Q ; consequently the two forces acting from c to 
F, aild from c to e, or in the direction of the lines ca and 
GBi will be in equilibrio with the force which acts from 
c towards r. 
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RsMAitKS.-^Ut, If the ratio of the weights were sncb, 
that the point of intersection c should fall on the line ab, 
or above it, the problem in this^çase would be impossible. 
The weight q, or the. weight p, would overcome. the other 
two in such a manner, that the point c would fall in b or 
a; 90 that the rope would form no angle. 

These weights also might be such that it would be im- 
posiitble to construct the triangle a c ^, as if one of them 
were equal to or greater thati the other two taken together; 
for, to make a triangle o( three lines, each of them must 
be less than the other two. In that case we ought to con* 
dude (hat the weight equal or superior to the other two 
would overcome them both, so that no equilibrium cpuld 
take place. 

2d. If instead of a knot at c, we should suppose the 
weight R suspended from a pulley capable of rolling on 
the rope acb, the solution would be still the same ; for 
it i» evident that, things being in the same state as in the 
first case, if a pulley were substituted for the knot c, the 
•quilibEJ^om would not be destroyed. But there would be 
fiitie limitation more than in the preceding case. It would 
be necessary that the point of intersection, c, determined 
as above, should fall below the horizontal line, drawn 
through the point b ; otherwise the pulley would roll to 
the point b, as if on an inclined plane. 

problem xii« 

Calculation of the time which Archiviedes would havç, re- 
quired to moto^ the earthy with the machine of which he 
spoke to Hiero. 

The expression which Archimedes made use of to Hiere, 
king of Sicily, is well known, and particularly to mathe* 
roaticians. '* Give me a fixed point,'' said tbç phiiobopher, 
'^ and I will move the earth from its place." This affords 
matter for a very curious calculation, viz, .to detiermine 



TIME TO MOVE THE EARTH* 15 

how much time Archimedes would have required to move 
the earth only one inch, supposing his machine constructed 
and mathematically perfect; that is to say, without friction, 
without gravity, and in complete equilibrium. 

For this purpose, we shall suppose the matter of which 
the earth is composed to weigh SOO pounds the cubic foot ; 
being the mean weight nearly of stones mixed with m^e- 
taliic substances, such in all probability as those contained 
in the bowels of the earth. If the diameter of the eardi 
be 7930 miles, the whole globe will be found to contain 
261107411765 cubic miles, which make 14234991208825- 
44640000cubic yards, or 38434476263828705280000 cubic 
feet; and allowing 300 pounds to each cubic foot, we shall 
have 11530342879148611584000000 for the weight of the 
earth in pounds. 

Now, we know by the laws of mechanics that, whatever 
be the construction of a machine, the space passed over by 
the weight, is to that passed over by the moving power^ 
in the reciprocal ratio of the latter to the former. It is 
known also, that a man can act with an effort equal only 
to about 30 pounds for eight or ten hours, without inter* 
mission, and with a velocity of about 10000 feet per hour. 
If we suppose the machine of Archimedes then to be put in 
motion by means of a crank, and that the force continv^ly 
applied to it is equal to SO pounds, then with the velocity 
of 10000 feet per hour, to raise the earth one inch, the 
moving power must pass over the space of 384344762638- 
£87052800000 inches; and if this space be divided by 
16000 feet, or 120000 inches, we shall have for quotient 
3202873021985725440, which will be tl^e number of hours 
required for this motion. But as a year contains 8766 
hours, a century will contain 876600; and if we divide 
the above number of hour^ by the latter, the quotient, 
3653745176803, will be the number of centuries during 
Which it would be necessary to make the crank of the 
machine continually turn, in order to move the earth only 
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one inch. We have omitted the fraction of a century^ as 
being of little consequence in a calculation of this kind*. 

PROBLEM XIIT. 

With a very small quantity of water ^ such as afem pounds, 
to produce the effect of several thousands. (Plate 3 fig, 12). . 

Place a cask on one of its ends, and make a hole in the 
other end| capable of admitting a tube, an inch in diameter 
and from 12 to 15 feet in length; which must be fitted 
closely into the aperture by means of pitch or tow. Then 
load the upper end of the cask with several weights, so 
that it shall be sensibly bent downwards ; and having filled 
the cask with water, continue to pour some in through the 
tube. The effort of this small cyUnder of water will be 
so great, that not only the weights which pressed the 
upper end of the cask downwards will be raised up, but 
very often the end itself will be bent upwards, and form 
an arch in a contrary direction. 

Care however must be taken that the lower end of the 
cask rest on the ground ; otherwise the first effort of the 
water would be directed downwards, and the experimeut 
might seem to fail. 

By employing a longer tube, the upper end of the cask 
might certainly be made to burst. 

The reason of this phenomenon may be easily deduced 
from a property peculiar to fluids, of which it is an ocular 
demonstration, viz, that when they press upon a base they, 
exercise on it an effort proportioned to the breadth of that 
base multiplied by the height. Thus, though the tube 
used in this experiment contains only about 150 or 180 
cylindric inches of water, the eflbrt is the same as if the 
tube were equal in breadth to the cask, and at the same 
time 12 or 15 feet in height. 

* The machine is here supposed to be constaDtly in action; bat if it' 
•hould be worked only 8 hours each day, the time required would be thno 
timet as long. 
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Amtker Method. (Plate S fig. IS). 

Saspeiid from « book, well fixed ia a wall, or any oilier^ 
firin support, a body weighing. 100 pounds or more; tbeor 
provide a vessel of such dimensiotMiy that between that • 
body and its sides, there shall be room for. only one ponn4 
of water; and let the vessel be suspended to one of the 
arms of a balance, the other arm of which has suspended 
ftoooi it % scale, containing a weight of 100 poands» Pour 
i^ponnd of water into the vessel suspended from the one 
am of the balance, and it will raise the scale eontuning 
the 100 pounds. 

Those who have properly comprehended the preceding 
explanation^ will find ho.difficulty in conceivipg the cause 
and necessity of this effect; for they are both the same, 
with this diflerence only, that the water, instead of being 
ooUeeted in a cylindric tube, b in the narrow interval be^»' 
t#èen the body L and the vessel, which surrounds it ; but 
this water exercises on the bottom of the vessel the same 
pfeasune that it would experience if entirely full of water. 

Anfither Method. 

Provide a cubic foot of very dry oak, weighing about 9Q 
pounds, and a cubieal vessel about a lisie or two larger every 
way. If the cubic foot of wood be put into the vessel, and- 
water be poured into it, when the latter has risen to nearly- 
two thirds of its height, the cube will be detached from the^ 
bottom, and float. Thus we see a weight of about 60 
pomda ùyereomt by half-a-pound of water and even less. 

RlsMAMt^-^Hence it appears that the vulgar a;re in art 
eryer, when they imagine that a body floats more readily 
in a kurge quantity of water than in a small one. It wilt 
always float, provided there be a sufficiency to prevent it 
from touching the bottom. If vessels are lost at the mouthe 
ef rivers, it is not because the water is too shallow ; but 
beoiausé thô vessels are loaded so much, as to be almost 
tÈéày tostnk|«fen in salt wat^. But as the water of the 
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then placed in another kind of water, such as sea water, 
for instance, it will sink less ; and if immersed in any liqaor 
lightec than the first, such as oil for example, it will mA 
fiurtber. Thus it can be easily detertnined, without a» 
balance, which of two liquors is the heavier or lighten 
This instrument has commonly on the tube a graduated 
scale, ia order to show how far it sinks in the fluid. - 

But this instrumentas fiir inferior to that presented, iir 
1766, by M. de Parcieuz, to the academy of sciences, andt 
yet nothing is simpler. This instrument consists of $ff 
^mall glass bottle, 2 inches or 2 inches and a half, at most/ 
in diameter, and from 6 to 8 inches in length. The bottom 
must not be bent inwards, lest air should be lodged in ttfif 
cavity when it is immersed in any liquid. The mouth iff 
closed with a very tight cork stopper, into which is fixed^ 
without passing through it, â very straight iroti wire, 2^ or 
30 inches in. length, and about à Kne in diameter. The 
bottle is then loaded in such a manner, by introducing inttf 
it grains of small shot, that the instrument, when imdieriad 
ki the lightest of the Uquors to be compared, sitiki so as ti» 
leave only the end of the iron wire above its surface, and 
that in the heaviest the wire is immersed some inches; 
This may be properly regulated by augmenting or dimi- 
nishing either the weight with which the bottle is loaded, 
or the diameter of the wire, or both these at the sanàe thifie*. 
The instrument^ when thus constructed, M'ill exhibit, in a 
very sensible manner, the least difference in the spedfic 
gravities of different liquors, or the changes which the 
^ame liquor may experience, in this respett, under diffiifi' 
ent circumstances; as by the effect of heat, or by the^ 
mixture of various'salts, &c. 

. It may be readily conceived, that to perform eiperii 
ments of this kind, it will be necessary to have a vesftel of 
a sufficient depth, such as a cylinder of tin-plate, S or 4 
inches in diameter, and S or 4 feet in length. 

We.bave aemi an iustrument of this kind the movemeiit 
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of winch was ^o sensible, that when hnmersed in water, 
cooled to the usual temperature, it sunk sereral inches, 
«failç the rays of the sun fell upon the watery and immedi» 
ately rose on the rays of that luminary being intercepted* 
A very small quantity of salt or sugar, thrown into the 
water, made it also rise some inches. 

By means of this instrument, M* de Parcieux examined 
the gravity of difierent kinds of the most celebrated waters ; 
ftfnong which was that drank at Paris ; and he found that 
the lightest of all was distilled water. The next in suc- 
cession, according to their lightness, were as in the follow- 
iog order; viz, the water of the Seine, that of the Loire, 
|bat of Yvette, that of Arçueil, that of Sainte-Reine, that 
of Ville d*Avray, the Bristol water, and well water. 

We henee see the error of the vulgar, who imagine that 
tbe water of Ville d'Avray, that of Sainte«Reine, and tha€ 
of Bristol, particularly the last, brought to France, at so 
gneat expence, are better than common river water ;. for 
they are, on the contrary, worse, since they are heavier. 

If different kinds of water differ in their gravity, the 
case is tte.same with wines also* The lightest of all the 
known wines, at least in France, is the Rhenish. The 
next in succession are Burgundy, red Champagne, the 
wines of Bourdeaux, Languedoc, Spain, the Canaries, 
Cyprus, 8ic. 

Some years ago we saw, exposed for sale, an Omometer, 
or instrument for measuring the different degrees of the 
gravity of wines. It consbted of a hollow silver ball, 
joined to a small plate of the same tnetal, 3 or 4 inches in 
length, and a line or a line and a half in breadth, on which 
were marked the divisions that indicated how far the in* 
strument ought to sink into the different kinds of wine. It 
may be readily seen that this was only the coounon areo- 
meter, constructed of silver. 

Tlie lightest of all the known liquors is ether. The 
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otfaers, which follow in the order of gravity, are, alcohol^ 
pil of turpentine, distilled water, rain water, river water, 
spring water, well water, mineral waters. Among the 
tables, annexed to this part of the work» the reader will 
find one containing the specific gravity of various liquors, 
compared with that of rain water ; whic^, being the easiest 
|>rocured, may serve as a common standard, and also the 
specific gravity of the different solid bodies, whether be^ 
longing to thé mineral, vegetable, or animal kingdom ; 
which will doubtless be found very useful, as it is often 
necessary to have recourse to tables of this kind. 
, As the following rules, for calculating the absolute 
gravity, in English troy weight, of a cubic foot and inch^ 
English measure, of any substance, whoise specific gravity 
is known, may be of use to the reader, the Translator has 
thought, proper to subjoin them to this article of thie 
original. 

In 1696, Mr. Everard, balance maker to the Exchequer^ 
weighed before the commissioners of the bouse of com- 
mons, 2145*6 cubical inches, by the Exchequer standard 
foot, of distilled water, at the temperature of 55^^ of Fah* 
renheit, and found that it weighed 1131 oz. 14 drs. Troy, 
of the Exchequer standard. The beam turned with 6 
grains, when loaded with 30 pounds in each scale. Hence, 
supposing the pound averdupois to weigh 7000 grs. Troy, 
a cubic foot of water weighs 62^ pounds averdupois, or 
1000 ounces averdupois, wanting 106 grs. Troy. If the 
specific gravity of water therefore be called 1000, the pro» 
portional specific gravities of all other bodies will express 
ipiearly the number of averdupois ounces in a cubic foot. 
Or, more accurately, supposing the specific gravity of 
water expressed by 1, and that of all other bodies in pro- 
portional numbers, as the cubic foot of water weighs, at 
the above temperature, exactl}^ 437489*4 grains Troy, 
and the cubic inch of water 253*175 grains, the absolute 



WEIGHT OP LlfiUORS. tS 

'i#eigb( of a cabical foot or itich of any body, in Troy 
'frainfty Diay be found by multiplying its specific gravity 
*by either of the above numbers respectively. 

By Everard's experiment, and the proportions of the 
English and French foot, as established by the Royal So- 
•.dety and French Academy of Sciences, the fc^owing 
-numbers have been ascertained : 

Paris grains, in a Paris cube foot of water • • 64511 1 

English grains, in a Paris cube foot of water • 529922 

Paris grains, in an English cube foot of water • 533247 
English grains in an English cube foot of water 437489*4 

English grains in an English cube inch of water 25S'l75 
By an experiment of f^card, with the measure 
and weight of the Chatelet, the Paris cube foot 

of water contains of Paris grûns • • • • 641326 

By one of Du Hamel, made with great care • • 64 1 S76 ■■ 

By Homberg * 641666 

These results show some uncert^ntjr in measure or in 
weights ; but the above computation from Everard's ex- 
periment may be reUed oq ; because the comparison of 
the English foot with that of France, was made by the 
joint labour of the Royal Society of London, and the 
French Academy of Sciences. It agrees likewise, very 
• nearly, 'with the weight assigned by Lavoisier, which is 70 
Paris pounds to the cubical foot of water. 

PROBLEM XVI. 

To determine whether a mass of gold or silver, suspected to 

be mixed f is pure or not. 

If the mass or piece, the fineness of which is doubtful, 
be silver fot example, provide another mass of good silver 
equally heavy.; so that thel:wo pieces when put into the 
scales, of a very accurate balance may remain in equilibrio 
in the air. Then suspend these two masses of silver from 
idiQ scales of the balance, by two threads or two hortleh 
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hairs, to prevent the scales from being wetted when ikt 
two masses are immersed in the water : i£ the masses are 
of equal fineness, they will remain in equilibrio in^ the 
Water^ as they did when in the ^ir ; but if the proposed 
mass weighs less in water, it is adulterated; that is tosa^^ 
is mixed with some other metal, of less specific grarity 
than that of silver, such as copper for example ; and if it 
weighs more, it is mixed with some metal of greater spe- 
cific gravity, such as lead. 

Rbmarks. — I. This* problem is evidently the same «s 
that whose solution gave so much pleasure to Archimedes. 
Hiero, king of Syracuse, had delivered to a goldsmith a 
certain quantity of gold, for the purpose of making a 
crown. When the crown was finished, the king enter- 
tained some suspicion in regard to the. fidelity of the 
goldsmith, and Archimedes was consulted respecting the 
best means of detecting the fraud, in case one had been 
committed. The philosopher, having employed the above 
process, discovered that the gold, of which the crown 
consisted, was not pure. 

If a large mass of metal were to be examined, as in tbe 
case of Archimedes, it would be sufficient to immerse the 
mass of gold or silver, k4iown to be pure, in a vessel of 
water, and then the suspected mass. If the latter eXr 
pelled more water from the vessel it would be a proof of 
the metal being adulterated by another lighter, and of less 
value. 

But notwithstanding what Ozanam says, the difference 
between the weight in air and that in water will indicate 
the mixture with more certainty ; for every body knows 
that it is not so easy, as it may at first appear, to measure 
the quantity of water expelled from any vessel. 

II. According to mathematical rigour, the two masses 
ought first to be weighed in vacuo ; for since air is a fluids 
it lessens the real gravity of bodies by a quamtity equal t6 
the weight of a similar volume of itself. Since the two 
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imasés tkeil, the one pure and the other adukeiated, are 
unequal in Tolume, they ought to lose unequal quantities 
of tbehr weight in the air. But the great tenuity ol air^ 
in regard to that (tf water, renders this sinall error i»* 
i«Mible. 

PROBLEM XVII. 

I^e same supposition made; to determine the quantity of 

mixture in the gold. 

The ingenious artifice employed by Archimedes, is con- 
tained in the solution of this problem, and is as follows. 

Suspecting that the goldsmith had substituted silver or 
ec^[iper Tor/ an equal quantity of gold, he weighed the 
-ttown in water, and found that it lost a weight, which we 
éiBiï call a: he then weighed in the same fluid a mass of 
pure g<dd, which in air was in equiHbrio with the crown, 
and found that it lo^ a weight, which we shall call 8 1 he 
next took a mass of silver, which in air was equal in 
w^ght to the crown, and weighing it in water, found 
dlajt it lost a quantity c. He then employed this propor- 
tion : as the difference of the weights b and c, is to that 
ctf the weights a and b, so is the whole weight of the 
cfowii, to' that of the silver mixed in it. The answer, in 
this case> may be obtained by a very short algebraical 
oakidafeion, though Uie reasoning iis rather too prolix; 
we ^wll however explain it after having illustrated this 
rule by an example. 

Let us suppose that Hiei^'à cfùWn weighed 20 pounds 
iiip thié air, and that when weighed in water it lost a poun4 
srtid a half. Archimedes, by weighing in air and in water, 
a liiàss 6f gokl containing 20 pounds, most have found a 
différence of 1^^ pound; and by weighing in like manner 
a mass of silver of 20 pounds, he must have found a dif- 
ference of li^ pound. As A, in this case, is equal to •!> b 
to If, and c to 4t; hence the difference of a. and b is .||., 
and tif at of B and c is 14$: we must therefore use the fol- 
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lowing proportioB : as i%^ are to f|., so is 20 to a fourtii 
terin, which will be V^ = 11 lbs. 8 oz. 5 dwts. 
.. The reasoning which conducted, or might have con- 
ducted^ the Syracusan philosopher to this sohitioD, is as 
follows* If the whole mass were of pure gold, it wooki 
lose, when weighed An water, ^ of its weight ; and if it 
were of pure silver, it would lose, when weighed in water, 
^ of its weight: consequently, if it loses less than the 
latter quantity, and more than the former, it must be 
jH mixture of gold and silver ; and the quantity of silver 
substituted for gold will be greater as the .quantity of 
weight which the crown loses in water approaches nearer 
to -Jiff and vice versa* This mass of 20 pounds then must 
be divided into -two parts, in the ratio, of the following di^ 
ferences : viz, the difference between the loss which the 
crown experiences and that experienced by the pure goLct; 
and the difference between the loss experienced by the 
t3r6wn and that experienced by the pure silver ; these will 
be the proportions of the gold and silver mixed together 
in the crown : and from this reasoning is deuced the pre- 
ceding rule. 

We ndust here observe that it is not necessary to take 
two masses, one of gold and another of silv^, each equal 
in weight to the crown. It will be sufficient to ascertain 
that gold loses a 19th of its weight, when weighed in 
water; and silver one Ilth, and p^haps this wa3 realjy 
the method employed by Archimedes. 

PROaLXM XVIII* 

Suppose there are two boxes exactfy of the sanie size, smUar 
mid ofepud weight, the one containing gold and the other 
sUoer : is it possible^ by any nmthematical means, to de- 
termine which contains the gold, and which the silver f 
Or, jf we suppose two balls, the one made of gold and 
ioUaw, the other ^ solid siher gUtj is it possible to distm" 
gmsh the gold from the siher f 
In the first case» if the masses of gold and silver are 
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each placed^ exactly in the middle of the box wtudh con- 
tains it, so that their centres of gravity coûl(|de, whatever 
may be said in the old books on Mathematical Recrei^ 
tions, we will assert that there are no means of distingnish* 
ing them, or at leasik that the methods proposed are de- 
fective.. 

The case is the same in regard to the two similar globes 
of 0qoal size and weight. 

If we were however under the necessity of making a 
choice, we would endeavour to distingubh the one from 
the. other in the following manner. 
7 We would suspend both balls by as delicate a thread as 
possible to the arms of a very accnrate balance, such as 
those which, when loaded with a considerable weight, are 
sensibly affected by the difference of a grain. We would 
tiien immerse the two balls .in a large vessel filled with 
watery heated to the degree of ebullition, and that which 
should preponderate we would consider as gold. For, 
IKTCording to the experiments made on the dilatation of 
metals, the silyer, passing from a mean temperature, to 
that of boiling water, would probably increase more in 
volume than the gold ; in that case the two masses, which 
in air and in temperate water, were in equilibrio, would 
not be so in. boiling water. 

Oti we might make a round hole in a plate of copper, 
of such a size, that both balls should pass exactly through 
it with ease ; we might then bring them to a strong de- 
gree of he^t, superior even to that of boiling water. Now, 
if we admit that silver expands more than gold, as above 
supposed, we might apply each of them to the hole in 
question^ and the one which experienced the greater diffi- 
culty in passing, ought to be accounted silver. 

PBOBLEM XIX. 

Two mcHned planes ab and ad being gwen^ and two unequal 

spheres' p and p ; to bring them to an equilibrium in the 

^ angle, as seen in thejigure (pK 9 fig. 16). *i 
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The globes P and p, Will be in equilibrio if the powers 
with wUch d^ repel each other^ in the direction of the 
line c c, which jmns their centres, are equal* 
~ Bat, the force with which the globe p tends to descend 
4dong the inclined plane ba, which is known, the inclina^ 
tion of the plane being given^ is to the force with which 
k acts in the direction c c, as radius is to the cosine of the 
angle c c F ; and, in like manner, the force with which 
the weight p descends along da, is to diat with which it 
tends to more in the direction ^c, as radius is to the cosine 
of the angle c c/: hence it follows, that as these second 
fonces must be equal, the cosine of the angle c must have 
the same ratio to the cosine of the angle c, as the forcf 
with whicb the globe p tends to roll along ba, has to that 
with which p tends to roll along da. The ratio of these 
cosines therefore is known ; and as in the triangle c 6 ^ 
the angle e is known, since it is equal to the angle dab, it 
thence follows that its supplement, or die sum of the two 
angles c and c, is also known ;. and hence the problem n 
reduced to this, viz, to dividing a known angle into two 
such parts, that their cosines shall be in a given ratio; 
which is a problem purely geometrical. 

Bat, that we may confine ourselves to the simplest case, 
we shall suppose the angle a to be a right-angle. Nothing 
jthen will be necessary but to divide the quadrant into two 
arcs, the counes of which shall be in the given ration 
whicb may be done with great ease. 

Let the force then with which p tends to move along its 
inclined plane be equal to m ; and that ofp to roll along 
its plane equal to m. Draw a line parallel to the plane 
AB, at a dbtance from it equal to the radius of the globfi 
p, and another parallel to the plane da, at a distance front 
it equal to the radius ofp, which will intersect each other 
in o ; having then made gl to o/, as in to m, em]^oy this 
following proportion : as l/ is to lo^ so is the scim of the 
radii of the two globes to oc ; and from the point o, draw 
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ce parallel to lI: the points c and c will be the (daces of 
the centres of the two globes, and in this situation alone 
they will be in equilibrio. 

PROBLEM XX* 

Twa todies, p and q, depart at the same time from twopoinU 
Aond^, of two lines gkfen in position, and move towards 9L^ 
and b, with given velocities : required their position when 
thatf are the nearest to each other possible^ (PL S fig. 17.) 

If their velocities were to each other in the ratio of the 
lines BB and ad, it is evident that the twobodies would meet 
in n. But supposing their velocities diflerent from that; 
there will be a certain point where, without meeting, tbey: 
will be at the least distance from each other possible; and^ 
ai^er that they will continually recede from each other. 
Here, for example, the lines sn and ad are nearly equal. 
If we suppose then that the velocity of p is to that tS g, 
in the ratio of 2 to 1 , required the point of the nearest 
approach. 

Through any point b, in An, draw the line Bs parallel 
to BD, and in such a manner^ that ar shall be to rs, as the 
velocity of p is to that of q ; that is to say, in the present 
case, as 2 to 1 ; produce indefinitely the line ast, and- 
ffom the point b draw bC perpendicular to at ; through 
the point c draw c£ parallel to bd, till it meet ad in B ;i 
and having drawn bf parallel to cb, meeting bd in p, the* 
points p and e, will be those required. 

problem XXI. 

To cause a cylinder to support itself on a plane, inclined to 
the horizon, without rolling down ; and even to ascend a 
little along that plane. (PJ. 4 fig. 18). 

If a cylinder be homogeneous, and placed on an inclined 
plane, its axis being in a horizontal situation, it is evident 
that it win roll down ; because its centre of gravity being 
ttie same as that of the figure, the vejrtical line, ârawn 
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fjrom tbis centre, will always fall beyond the point of con« 
tact of the lowest side; consequently the body must of nar: 
cessity roll down towards that side. 

But, if the cylinder be heterogenous, so that its centre 
of gravity is not that of the figure, it may support itself on 
an inclined plane, provided the angle which the plane 
makes with the horizon does not exceed certain limits. 
- Let theire be à cylinder, fdi* example, of which hfb is a 
section perpendicular to the axis. To remove its centre 
of gravity from the centre of the figure, make a grove in 
it parallel to its axis, of a semicircular form, and fill it 
with some substance f much heavier, so that the centre q€ 
gravity of the cylinder shall be removed from c to b. Lot 
die inclined plane be ab, and let bg be to oa in a lesa 
ratio than cf to ce. The cylinder may then support it* 
self on the inclined plane, without rolling down ; and if it 
be, moved from that position, in a certain direction^ it wi^ 
even resume it by rolling a little towards the summit of the 
plane. 

For, let us suppose the cylinder placed on the inclined 
plane with its axis horizontal, and its centre of gravity in 
a line parallel to the plane, and passing through the centre^ 
in such a manner that the centre of gravity shall be to» 
wards the upper part of the plane, fig. 19. Through the 
pcnnt of contact, d, draw cdh, perpendicular to the in- 
clined plane, and ij>tf perpendicular to the horizon. We 
shall then have bg to ga, or bi to id, as di to ih, or a» 
DC toc^,' and since the ratio of bg to ga is less than that 
of CF or CD to CE, it follows that ce is less than CE, con» 
sequently the vertical line drawn from the point e will fall 
without the point of contact towards a ; the body there- 
fore will have a tendency to fall on that side, and will roll 
towards it ascending a very little till its centre of gravity 
B has assumed a position as seen fig. iS, where it coincides 
with the vertical line passing through the point of contact. 
When the cylinder arrives at this ûtuation, it will main- 
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tàin itself in it^ provided neither its snrfiEice'northit of the 
plane be so smooth as to admit of its sliding parallel %o 
itself* In this situation it will even have greater stability^ 
according as the ratio of bo to ga is less than that of C9 
or CD to CE, or as the angle abo or cd^ is less tb«i 
ons. 

This is also a truth which we must demonstrate. For 
this purpose, it is to be remarked that b, the centre of 
gravity of the cylinder, in reeling along the inclined plane^ 
describes a curve, such as is seen in fig. 20; this is what- 
geometricians call an elongated cycloid, which rises and- 
descends alternately below the line drawn parallel to tber 
inclined plane, through the centre of the cylinder. 'Bvntf 
the cylinder being in the position represented in fig, 20f 
if the line bj» be drawn from the centre of gravity to the 
point of contact, it may be demonstrated that the tangent 
to the point s of that curve, is perpendicular to db : if tbe^ 
iecHnation of the plane therefore . is less than the angle* 
CBB, that tangent will meet tlie horizontal line towards the' 
ascending, âde of the plane ; and the centre of gravity of 
the cylinder will then be as on an inchned plane IK ; con* 
sequently it must descend to the point l of the hollow of 
the curve, which it describes, where that curve is touched 
by the horizontal line. 

' When, it reaches this . point it cannot deviate from it, 
without ascending on the one side or the other : if it be 
then removed a little from this point, it will return to its 
farmer portion. 

PROBLEM XXII. 

^0 construct a clock which shall point out the hours ^ bif 

rolling down an inclined plane. 

This: small machine, invented by an Ejiglisbjman named 
Wheelei^, is es^ceedingly ingenious, and is founded .on the: 
pi^iple contained in. the solution of the preçt 
p]çpbl§ni.. 
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It consists of a cylindrical box, made of brass, 4 or J 
inches in diameter, and baving on one side a dial plate, 
divided into 12 or 24 hours. In the inside, represented by 
fig. 21, is a central wheeJ, wliich by means of a pinion 
motes a second wheel, and the Utter moves a third, &c, 
white a scapement, furnished with a balance or spiral 
spring, acts the part of a moderator, as in common 
watches. To the central wheel is afExed a weight p, 
which must be sufficient, with a moderate inclination, as 
20 or 30 degrees, to move that wheel, and those which 
receive motion from it. But, as the machine ought to be 
perfectly in equilibrio around its central axis, a counter- 
acting weight of such a njiture, that the machine shall be 
absolutely indifferent to every position around this axis, 
must be placed diametrically opposite to the small system 
of wheels 2, S, 4, &c. When this condition has been ob< 
tained , the moving weight p must be applied ; the effect of 
which will be, to make the central wheel, 1, revolve, and by 
its means the clock movement 2, 3, 4. &.c ; but, at the same 
time that this motion takes place, the cylinder will roll 
down the plane a little, which will bring the weight r to 
its primitive position, so that the effect of this continual 
pressure will make the cylinder roll while the weight p 
changes its place relatively, in regard to the cyhnder, but 
not in regard to the vertical line. The weight p, or the 
ioclinaiion of the plane, must be regulated in such a man- 
ner, that the machine shall perform a whole revolution in 
24 or 12 hours. The handle must be affixed to the com- 
mon axis of the central wheel and weight p ; so that it 
shall always look towards the zenith nr ihe nadir. If more 
ornaments are required, the axis may support a small globe 
with a figure placed on it, to point out the hours with its 
finger raised in a vertical po.ition. It may be readily con- 
ceived, that when tlie machine has got to the lowest part 
of the inclined plane, to make it continue going, nothing 
will be necessary but to cause it to ascend to the highest. 



If it goes ratfier too slow, its movement may be acce- 
lerated by raising up the inclined plane, and vice versa. 

PSOBLEM XXIII. 

To construct a dress, by means of which it will be impossible 
to sink in the water, and which shall leave the person, whfi 
wears it^ at full freedom to make eoery kind of move^ 
ment. 

As a man weigiis very nearly the same as an equal vq- 
Ittikie of water, it is evident that a mass of some substance 
4Xiuch lighter than that fluid may be added to his body^ by 
'which means both together will be lighter than water, and 
of course must float. It is in consequence of this principle 
<that, in order to learn to swim, some people tie to their 
iireast and back two pieces of cork, or affix full blown 
idadders below their arms. But these methods are at» 
lended with inconveniences, which may be remedied in 
the following manner. 

. Between the cloth and lining of a jacket, without arms^ 
•place small pieces of cork, an inch and a half square, and 
about half or three quarters of an inch iu thickness. Thejr 
4nust be arranged very near to each other, that as little 
space as possible may be lost ; but yet not so close as to 
afiect in any great degree the flexibility of the jacket, 
which must be quilted to prevent their moving from their 
'places. The jacket must be made to button round the 
body, by means of strong buttons, well sewed on ; and to 
prevent its slipping ofl^, it ought to be furnished behind 
with a kind of girdle, so as to pass between the thighs and 
iasten before. 

By means of such a jacket, which will occasion as little 
^embarrassment as a common dress, people may throw 
themaelves into the water with the greatest safety ; for if 
it be properly made the water will not rise over their 
shoulders. They will sink so little, that even a dead body 
in that ntuation will infallibly float. The wearers there-* 
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fore need make no effort to support themselves ; and while 
in the water they may read or write, and even load a pisto) 
and fire it. In the year 1767 an experiment was made of 
all these things, by the abbé de la Chapelle, fellow of the 
royal society of London,, by whom this jacket was in- 
vented. 

It is almost needless to observe how useful this inveii* 
tion might be on land as well as at sea. A suflicient num- 
ber of soldiers, provided with these jackets, might pass a 
deep and rapid river in the night time^ armed with pistob 
and sabres^ and surprise a corps of the enemy. If repakedf 
they could throw themselves into the water, and escape 
without any fear of being pursued. 

During sea voyages, the sailors, while employed in datt* 
gerous maneeuvrës, often fall overboard and are lost; 
others perish in ports and harbours by boats oversetting 
in consequence of a heavy swell, or some other acctdeat; 
in short, some vessel or other is daily wrecked on the 
coasts, and it is not without difficulty that only a' pari of 
the crew are saved. If every man, whatrusts himself to 
this perfidious element, were furnished with such a cork 
jacket, to put on during the moments of danger, it is evi* 
dent that many of them might escape death. 

PROBLEM XXIV. 

To construct a boat which cannot be sunk, even ^ the water 

should enter it on all sides» 

Cause a boat to be made, with a false bottom, placed ^t 
such a distance from the real one, as may be proportiohed 
to the length of the boat, and to its burthen and the num^ 
ber of persons it is intended to carry. According to the 
most accurate calculation, this distance, in our opinion, 
ought to be one foot, for a boat 18 feet in length, and 5 or 6 
in bread th. The vacuity between this false bottom and the 
real one ought to be filled up with pieces of cork, placed as 
near to each other as possible : and as the felse bottom wiU 



SAPE BOAtS. 2^5 

hssen tbe sides of the boat, tbey may be raised propor- 
tionally ; leaving large apertures, that the water thrown 
iotp the vessel may be able to run off. It may be proper 
also to make the stern higher, and to furnish it with a deck, 
that the people may take shelter under it, in case the boat 
riiould be thrown on its side by the violence of the waves. 

fioats constructed in this manner might be of great 
«tilhy for going on board a vessel lying in a harbour, 
peihaps several miles from the shore; or for going on 
dunre from a ship anchored at a distance from the land. 
Unfortunate acddents too often happen on such occasions, 
when there is a heavy surf, or in consequence of some 
sadden gust of whid ; and it even appears that sometimes 
the greatest danger of a voyage is to be apprehended under 
circumstances of this kind. Bat boats constructed on the 
Aort principle would prevent such accidents. 
' Madi we confess is to be added to this idea, presented 
bote in al] its simplicity; foir some changed perhaps ought 
to be made in the form of the vessel ; or heavy bodies 
dugbt to be added incertain places to increase its stability* 
Thts is a subject of research well worth attention, as the 
result of it might be the preservation of thousands of lives 
every year. 

For this invention we are indebted to M. de Bernieres, 
one of the four controllers general of bridges and causways ; 
who in 1769 constructed a boat of this kind for tbe king. 
He afterwards constructed another with improvements for 
die duke de Chartres; and a third for the marquis de 
Marigny. The latter was tried by filling it with water, or 
endeavouring to make it overset ; but it righted as soon as 
left to itself; and though filled with water, was still able 
to carry six persons. 

By this invention the number of accidents which befall 
those who lead a sea-faring life, may in future be diminish- 
ed ; but the indifference with which the invention of M. de 
Bernieres was received, shows how regardless men are of 
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the most useful discoveries^ when the general interests pf 
humanity only are concerned, and when trouble and exr 
pence are required to render them practically useful^. 

PROBLEM XXV. 

How to raise from the bottom of the $ea a vessel wkkh 

has mnk. 

This difficult enterprise has been several times accom«< 
pli.shed by means of a very simple hydrostatieal principloi 
viZ| that if a boat be loaded as mnich as possible, and theo 
unloaded, it tends to raise itself with aforce equal to that of 
the weight of the volume of water which it displaced when 
loaded. And hence we are furnished with the means of 
employing very powerful forces to raise a vessel that bas 
been sunk. / 

The number of boats employed for this purpose^ mvak 
be estimated according to the size of the vessel, andbjr 
considering that the vessel weighs in water no more than 
the excess of its weight over an equal volume of that fluid y 
unless the vessel is firmly bedded in the mud ; for then she 
must be accounted of her full weight. The boats being 
arranged in two rows, one on each side of the sunk vessel, 
the ends of cables, by means of divers, must be made fast 
to different parts of the vessel, so that there shall be four 
on each side, for each boat. The ends of these cables, 
which remain above water, are to be fastened to the head 
and stern of the boat for which they are intended» Than,, 
if there are four boats on each side, there must be S2 
cables, being 4 for each boat. 

When every thing is thus arranged, the boats are to he 
loaded as much as they will bear without sinking, and the 
cables must be stretched as much as possible. The boats 
are then to be unloaded, two and two, and if they raise the 

* Tessels constructed oa this principle, and known nnder the name of li^ 
boats, are now used we belies on different parts of the British coasts : parr, 
ti^alarly at Shields^ A»<9. ■ ' 
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l^éssely it is a sign that there is a sufficient number of them ; 
but, in raising the vessel » the cables affixed to the boatt 
which remain loaded will become slack, and for thisreasod 
they must be again stretched as much as possible. The 
i^t of the boats are then to be unloaded, by shifting their 
hding into the former. The vessel will thus be raised a 
littTe more, and the cables of the loaded boats will become 
tiack f these cables being again stretched, the lading of the 
latter boats must be shifted back into the others, which 
Will raise the vessel still a little higher ; and if this opera* 
tioii be repeated as loqg as necessary, she may be brought 
to the surface of the water, and conveyed into port, or into 
dock. 

An account of the manœuvres employed to raise, in thii 
faianner, the Tojo, a Spanish ship belonging to the Indian 
fleet, sunk in the harbour of Vigo, during the battle on the 
iOth of October 1702, may be seen in the Mémoires des 
Académiciens étrangers, vol. 2. But as this vessel bad re* 
mained more than 36 years in that state, it was imbedded 
in a bank of tenacious clay* so that it required incredible 
labour to detach it ; and when brought to the surface of 
thé water, it contained none of the valuable articles ex* 
))€!cted. It had been one of those unloaded by the Spani* 
ards themselves, before they were sunk, to prevent them 
^om falling into the hands of the English. 

Additions. 

On the same principle is constructed the camel, a ma« 
ichine employed by the Dutch for carrying vessels heavily 
laden over the sand banks in the Zuyder-Zee. In that sea, 
opposite to the mouth of the river Y, about six miles firom 
'thecity of Amsterdam, there are two sand banks, betweeû 
which is a passage, called the Pampus, sufficiently deep 
for small vessels, but not for those which are large and 
%eavily lades. On this account ships which are outward 
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bound, take ia before the city opiya small part of their 
cargo, receiviDg the rest when they har^ got through the 
Pampus. And those that are homeward bound must in a 
great measure unload before they enter it. For this rea* 
son the goods are put into Ughters, and in these transported 
to the warehouses of the merchants in the city ; and the 
large vessels are then made fast to boats, by means of 
ropes, and in that manner towed through the passage to 
their stations. 

. Though measures were adopted, so early as -the middle 
of the sixteenth century, by forbidding ballast to be thrown 
into the Pampus, to prevent the farther accumulation of 
sand in this passage, that inconvenience increased so mucb^ 
firom other causes, as to occasion still greater obstruction to 
trade ; and it at length became impossible for ships of war 
and others heavily laden to get through it. About the 
year 1672, no other remedy was known, than that of 
making fast to the bottoms of ships large chests filled with 
water, which was afterwards pumped out, so that the ships 
were buoyed up and rendered sufficiently light to pass the 
shallow. By this method, which was attended with the 
utmost difficulty^ the Dutch carried out their numerous 
fleet to sea in the above-mentioned year. This plan how- 
ever gave rise soon after to the invention of the camel, by 
which the labour was rendered easier. The camel consists 
of two half ships, constructed in such a manner that they 
can be applied, below water, on each side of the hull of a 
large vessel. On the deck of each part of the camel are 
a great many horizontal windlasses; from which ropes 
proceed through apertures in the one half, and, being car- 
ried under the keel of the vessel, enter similar apertures 
in the other, from which they are conveyed to the wind- 
kuses on its deck. When they are to be used, as much 
water as may be necessary is suflered to run into them ; att 
the ropes are cast loose, the vessel is omducted between 
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^KOVaiidJarge beams are placed horizontally tbtOugh.tfae 
port holes of the vessel , with their, ends resting àû the 
camel, on each side. When the ropes are made fast, so 
that the ship is secbred between the two parts of the 
AmeJ, the w^ater is pumped from them, by which meaoi 
they rise, and raise the ship along with thein. Each half 
of the camel is generally 127 fèet in length ; the breadth 
at one end is 22, and at the other 18. The hold it divided 
into several compartments, that the machine «lay be ke]pC 
in equilibrio, while the water is flowing into it* An EaaU 
India ship that draws 15 feet of water, can by tbe help of 
the cainel be made to draw only 1 1 ; and the heaviest sUpt 
of war, of 90tor 100 guns, can be so lightened as to paM 
without obstruction all the sand banks of the Zuyder-Zee. 

Leupold, in his Tbeatrum Madiinarnm, says that tbe 
camel was invited by Cornefius Meyer, a Dutch engU 
neer. But the Dutch writers, almost unanimoosly, ascribe 
this invention to a citizen of Amsterdam, called Meeuvei 
Meindertszoon. Bakker. Some make the year of the it^ 
veotion to have -been 1688, «and others 1690. * Howevet 
this may be, we are assured on the testimony of Bakker 
himself, written in 1692, and still preserved, that in the 
month of June^ when the water was at its usual height^ 
be conveyed in the course of 24 hours, by tbe help of tbe 
camel, a diip of war called the Maagt van Enkhuyseo^ 
which was 156 feet in length, from Enkhuysen Hooft, to 
a place where there was sufiBcient depth; and that this 
could have been done much sooner had not a perfect calm 
prevailed at the time. In tbe year 169S, he raised a ship 
called the Unie, 6 feet, by the help of this machine, and 
conducted her to a place of safety. 

As ships built in tbe Newa cannot be conveyed into 
harbour, on account of the sand banks formed by the cur* 
rent of that river, camels are employed also by the Rus- 
iiansy to carry ships over these shoals : and they have them 
of various sizes. Bernoulli saw one, each half of which 



4D < ASCENDING Bi>Dt. 

"was 217 feet in length, and 361 in breadth. CSameb af« 
used likewise at Venice** 

PROBLEM XXVI, 

To make a body aJscend as if of itself along an inclinedpUme$ 
in consequence of its ofwn gravity. 

Provide à double cone (fig. 22 pi. 5), that is, two right 
tones united at their bases, so as to have a common axis; 
Then make a supporter, consisting of two branches) fonn* 
ing an angle at the point c (fig. 23), which must be placed 
in such a manner, that the summit c shall be below the 
horizontal line, and that the two branches or legs shdl be 
equally inclined to the horizon. The line ab must be 
equal to the distance between the summits of the double 
cone, and the height ad a little less than the radius of the 
base* These conditions being supposed, if the double 
cone be. placed between the legs of this angle, it will be 
seen to roll towards the top ; so that the body, instead of 
descending, will seem to ascend, contrary to the nature 
of gravity : this however is not the case ; for its centre of 
gravity really descends, as we shall here show. 

Let ac (fig* 24) be the inclined plane, containing the 
iin^ ACB ; ce the horizontal line, passing through the 
summit c, and consequently ea will be the elevation of the 
]dane above the horizontal line, which is less than the ra^ 
dius of the circle forming the base of the double cone.^ It 
i^ evident that when this double cone is at the summit of 
the angle, it will be as seen at cd; and when it reaches the 
highest part of the plane, it will have the position seen at 
af: its centre then will have passed from d to a, and since 
dc is equal to af and ce is the horizontal line, cf will be 
a line declining below the horizon; and consequently da^ 
which is parallel to it, will be so also. The centre of gra>« 

^ An engraving of the camel may be seen in, L'Art de bâtir les Vaisseaux i 
Aantterdam 1719. 4to. toI. 2, p. 99. Ste also the Encydopèdie, 
tK>ff^T0l.?fP.67« . , . . 
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mty of the cone will therefore have descended, while the 
ccme appeared to ascend* But, as has been afaready seen^ 
it is the descent or ascent of the centre of gravity that 
determines the real descent or ascent of a body« As long 
as the centre of gravity can descend, the body therefore 
really moves in that direction, &c. 

It will be found, in the present case, that the course tsi 
the centre of gravity, in its whole descent, is a straight 
line. But a parabola or hyperbola might be situated in 
the same manner, with its summit downwards, and in that 
case the course of the centre of gravity of the double cone 
would be a curve. This may furnish a subject of exercise 
for young geometricians. 

PROBLEM XXVII* 

To construct a clock with water. (Fig. 25 pK 5.) 

If the water which issues from a cylindric vessel, through 
a hole formed in its bottom, Sowed in a uniform manner, 
nothing would be easier than to construct a clock to indi« 
cate the hours by means of water. But it is well knowo 
that the greater the height of the water above the orifice, 
through which it issues, the greater is the rapidity with 
which it flows ; so that the vertical divisions ought not to 
be equal: the solution of the problem therefore consists 
in determining their ratio. 

It is demonstrated in hydraulics, that the velocity with 
which water flows from a vessel, through a very smaU 
orifice, is proportional to the square root of the height of 
the water above the aperture. And hence the following 
rule, for dividing the height of the vessel, which we sup^ 
pose to be cylindrical, has been deduced. 

îf we suppose that the whole water can flow out in 1^ 
hours ; divide the whole height into 144 parts ; then 23 
of these will be emptied in the first hour ; so that there 
wili remain 121 for the other eleven. Of these 121 partsg 
21 will be emptied during the second boor } then 19 will 
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be emptied in the third , 17 in the fourth^ and so on. As 
•the léétb division therefore corresponds to 19, hours» the 
121st will Correspond to 11 ; the lOOtb to 10; the 81st to 
9» &C| tiir the last hour, during which only one division 
will be emptied. These divisions will comprehend, in' the 
retrograde order, beginning at the lowest, theiirst, 1 part; 
the second, 3;''the third, 5; the fourth, 7; &c; which is 
exactly the ratio of the spaces passed over in equal times 
by a body falling freely in consequence of its gravity. 

But, if it were required that the divisions in the vertical 
direction, should be equal iti equal times, what figure 
ought to be given to the vessel ? 

The vase, in this case, ought to be a paraboloid, formed 
by the circumvolution of a |)arabola of the 4th degree; or 
the biquadrates of the ordi nates ought to be as the ab- 
scissas. If 'an orifice of a proper size were made in the 
summit' ef this paraboloid ;. and if it were then inverted ; 
the- water would flow from it in such a manner, that equal 
spaces of the vertical height would be emptied in eqoaJ 
times* 

The method of describing this parabola is as follow», 
liet A^s (fig. 26 pi. 5), be a common parabola, the axis' of 
w^ieh is ps^and the summit s. Draw, in any manner, thé 
line Brr, parallel to that axis, and then draw any ordinate 
of the parabola ap, intersecting rt in R; make pg a 
meataqiroportional between pb and pa; and let pq he tL 
mean proportional also between p rand /> a; and so otf. 
The curve passing through all the points q, q, &c, will be 
the one required; and it may be employed to form à 
mould for constructing a vessel of the required concaviQr. 
To whatever height it shall be filled with water, equal 
heights will always be emptied in equal times. 

In another part of this work, we shall give a method of 
ttiaking equal quantities of water flow from a vessel of any 
form in 'equal times. As this depends on the property of 
Aé'i^iilMNi) it bdongs to a different head* - *> 
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PROBLEM XXTIII. , 

^ potnt Seing given, and a line not horizontal^ to find the 

position of the inclined plane along which, if a body ifo- 

scend, setting out from the given point, it shaU reach thai 

Une in the least time. (Fig. 27 pi. 5). 

This mechanical problein is exceedingly curious, and 

admits of a very elegant solution. Let a be the given 

point, and bc the gKren line. From the point a, draw the 

vertical line ad, and ae perpendicular to the given line; 

then from the point d, where the vertical line meets bc, 

draw no parallel to ae, and equal to ad: if ag be then 

drawn intersecting bc in f, the line af will be the position 

of the plane along which a body, setting out from a, and 

descending by the effect of its own gravity, will arrive at 

the line bc in less time than by any other plane di£ferently 

inclined. 

To demonstrate this problem, draw fh parallel to av 
or BG, till it meet the vertical line ad in h* On account 
of the similar triangles then, we shall have ad to do, as 
AH to hf ; consequently, dg being equal to ad, ah will 
be equal to hf, which is also perpendicular to bc, be« 
cause it is parallel to ae. The circle therefore described 
from the point h, as a centre, through the point a, will 
pass through f, and touch the line bc. 

But it is well known, that if a vertical diameter, as 
AHI, be drawn in a circle, and any cords af and ak, a 
body left to descend by the effect of its own gravity will 
pass over the spaces represented by these lines, in the 
same time. Since the time then employed to fall along 
AK or AI, is equal to that employed to fall along AP, the 
time required to fall along ad or ab will be greater than 
that employed to descend along af. And the same rea« 
soning being applicable to all the other lines that can be 
drawn from the point a to bc, it follows that af is the 
line along which the body will arrive, in the least time, at 
the line bc» 
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If tbe line bc were verticaK ae would then be bori- 
zontal, as well as dg ; ad and dg would both be infinite, 
and equal; which would give the angle fad equal to 4f5\ 
Hence it follows, that in this case it would be along a 
plane inclined at an angle of 45* that the body, left to 
itself, would arrive at the vertical line in tbe least time 
posstbIe« 

\ PROBLEM XX1X« 

'Tooo poinis a and b being given in the same horizonial line; 

' required the position of two planes ac and cb, of such an 

inclination, that two bodies descending with accelerated 

velocity front a to c, and then ascending along cb with 

the acquired velocity, shall do so in the least time possible. 

■'. (Fig. 28 pi. 5.> 

It is evident that a body placed at a, on the horizontal 
line AB^ would remain there eternally without moving 
towards b. To make it proceed therefore by tbe effect 
of its own gravity from a to b, it must fall along an in- 
dined plane or a curve; so that, after having descended 
a certain space, it shall ascend along a second plane, or 
the remainder of the curve, as far as b. But we shall 
iiup{5ôse that this is done by means of two inclined planes. 
It is here to be observed, that the time employed to de^ 
'6cend and ascend, mu^t be longer or shorter according to 
the inclination and the length of these planes. The ques» 
lion then is, to determine what position of them is most adk 
vantageous, in order that the time may be the least. Now 
it will be found that to obtain the required position, tbe 
two planes must be equal and inclined to the horizon at 
lain angle of 45^; that is, the triangle acb ought to be 
isoàceles and right-'angled at C. 

This solution is deduced from that of the preceding 
probleoi ; for if we conceive a vertical line drawn through 
the pcdnt C, it has been shown that the plane ac, inclined 
at an angle of 45 degrees, is the most favourably disposed 
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to make^the body, sliding along it, arrive at the vertical 
line in the least time possible ; but the time of the ascent 
4)ong CB, is equal to that of the descent; whence it foU 
low^ that their *sum, or the double of the former, is also 
the shortest possible. 

ê 

PBOBLEM XXX. 

J/ a chain and two btickets be employed to draw up water 
from a well of very great depth; it is required to arrange 

, the apparatus in such a manner^ that in evetypofitim of 
the buckets^ the weight of the chain shall be destroyed; so 

\ that the weight to be raised shall be thai only of the water 
contained in the ascending bucket, (Fig. 29 pi. 6.) 

If two buckets be suspended from the. two ends of a 
rope or chain, so as to ascend and descend alternately, 
while the rope rolls round the axis or wheel of the wind* 
la9s, which serves to raise them^ it is evident that when* 
gne of the buckets is at the bottom, the person who begini 
to raise it has not only the wdght of the bucket to sup- 
port, but that also of the whole chain or rope from the t<^. 
to the bottom of the well ; and there are some cases, as in 
mines of three or four hundred feet in depth, where the 
weight of several quintals must be overcome to raise only 
two or thre^ hundred pounds to the mouth of the mine. 
Such were the mines of Pontpean, until M. Loriot Bug* 
gested a remedy for this inconvenience. 
^ This remedy is so simple, that it is astonishing no one 
ever thought of it before. Nothing indeed is necessary but 
tp .convert the rope or chain into a complete ring, one of 
the ends of which descends to the depth where the water 
or the ore is to be drawn up, and to aflBx the buckets to 
two points of the rope in sucU a manner that when one of 
fiieln'is at the highest part, the other shall be at the lowest. 
For it is etident that, as equal parts of the chain ascend 
and descend, these parts will counterJmlance each other; 
alKl the weight io be faisedi were the^pil^several thousand 
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feet in deptli, will be that only of the ore or other lab»' 
stances drawn up. 

The case would evidently be the same if there wen 
only one bucket: in every position, the only weight to be 
raised would be that of the bucket, and the matter it con- 
tained ; but the machine would be attended with only one 
half of its advantage ; for, by having no more than one 
bucket, the time which the bucket when emptied would 
employ in descending would be lost. 

Rrmake. — In the Memoirs of the Academy of Sciences 
for 1731, M. Camus gave another method of remedying 
the above inconvenience. It consists, when there is only 
one bucket, in employing an axis nearly in the form of a 
truncated cone ; so that when the bucket is at the lowest 
depth, the rope is rolled round the part which haa the 
least diameter ; and when the bucket is at the top, it is 
rolled round that which has the greatest. By these 
means, the same force is always required. But it is evi- 
dent that, in every case, more must be applied than is 
necessary. 

When there are two buckets, M, Camus proposes that 
one half of the rope should be rolled round one half of the 
axis, which he divides into two equal parts; so that one 
half is covered by the rope belonging to the bucket raised 
up, while the other is uncovered, the bucket which cor- 
responds to it being at the bottom. By these means the 
two etForts are combined in such a manner, that nearly 
the same force is always required to overcome them. But 
these inventions, though ingenious, arc inferior to that of 
M. Loriot. 

FHOBLEM XXKt. 

Method of conHrucling a jack which moves by means if (he 
smoke of the chimney. (Fig. 30 pi. 6.) 
The construction of this kind of jack, which is very in- 
genious, is as follows. An iron bar fixed in the back of' 
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the chimney, and projecting from it about a foot, serves to 
support a perpendicular spindle, the extremity of which 
turns in a cavity formed in the bar ; while the other ex» 
tremity is fitted into a collar in another bar, placed at som* 
distance above the former. This spindle is surrounded 
with a helix of tin plate, which makes a couple of révolu^ 
tbns, or turns round the spindle, and which is about a 
foot in breadth. But instead of this helix, it will be soflir 
eient to cut several pieces of tin plate, or sheet iron, and 
to fix them to the spindle in such a manner that tbeir 
planes shall form with it an angle of about 60 degraca^ 
they must be disposed in several stories, above each odMr; 
so that the upper ones may stand over the vacakjr left bj 
ifte lower ones. The spindle^ towards ita aotaanit, bears a 
horizontal wheel, the teeth of whk^ turn a pinion having 
a horizontal axis, and: the latter^ at its extremity, is fur» 
nished with a pu)ley,^acoiind which is rolled the endle# 
dbain that turns the spit. Such is the construction of, thta 
oiachine, the actidi ctwiâch may be exi>]aiiied in the fol- 
lowing mannep. Wiién a fire is kindled io the 
the air which by its n^refaction iousediately tends to 
cend, meeting with the helicmd surface, or kind of inclined 
vanesy causes the spindle, to which they are affixed» to 
turn round, and consecpiently communicates the same 
jHoition to the spit. The brisker the fire becomes, the 
quicker the machine moves, because the air ascends with 
Ipnaater rapidity. 

When the machine is not used, it may be taken down, 

*by raisii^ the vertical spindle a little, and removing the 

pt»nt from its Cavity ; which will allow the summit to be 

^^Sengaged from the collar in which it is made to turn. 

When wanted for use, it may be put up with the same 



REMABKS^-«-I.^he folbwing mechanical amusement 
Is founded on the same principle. Cut out from a card 
^ large a drcleas possible i then cut iathia^trcle a spiral^ 



48 SMOKfi JACfi. 

making three or four revolutions, and ending at à small 
circle, reserved around the centre, and of about a line or 
two in diameter ; extend this spiral by raising the centre 
above the first revolution, as if it were cut into a conical 
«urface or parabolid ; then provide a small spit made of 
•iron, terminating in a point, and resting on a supporter. 
Apply the centre or summit of the helix to this point; 
«nd if the whole be placed on the top of a warm stove, 
the machine will soon put itself in motion, and turn witl^- 
out the assistance of any apparent agent. The agetA 
bowever in this case is the air, which is rarefied by liie 
jcontact of a warm body, and which ascending forms à 
current. 

11^ There is no doubt that a similar invention might be 
applied to works of great utility : it might be employed, 
for example, in the construction of wheels to be always 
immersed in water, their axis being placed parallel to the 
current: to give the water more activity this helicoid 
«wheel might be inclosed in a hollow cylinder, where the 
^ater, when it had once entered, being impelled by thé 
current above it, would in our opinion act with a great 
force. 

. If the cylinder were placed in an erect position, so as 
to receive a fall of water through the aperture at the top, 
the water would turn the wheel and its axis, and might 
thus drive the wheel of a mill, or of any other machine. 
Such is the principle of motion employed in the wheels of 
fiasacle, a famous mill at Toulouse. 

III. The smoke jacks here in England are made som»* 
what different from that above described ; being mostly 
after the manner of that exhibited in fig. 66 plate IS : 
where ab is a circle containing the smoke vanes, of thin 
sheet iron, all fixed in the centre, but set obliquely at « 
|)roper angle of inclination» The other end of the spittdie 
has a pinion c, which turns the toothed wheel d, on the 
9piQ41^ of which is fixed the vertical wheel b^ over which 
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passes tb6 chain ef which turns the spit below. There 
are other forms of this useful machine also tnade ; but all 
or most of them having the same kind of vanes in thq 
circle ab, instead of the spiral form in the original, 

PROBLEM XXXII. 

What is it tliat supports in an upright position^ a top cr tC: 

totum, whUc it is revolving^ 

It is the centrifugal force of the parts of the top or te* 
totum, put in motion. For a body cannot move circularly 
without making, an effort to fly off from the centre ; so 
that if it be affixed to a string, made £Ewt to that centre, 
it will stretch it, and in a greater degree according as thç 
circular motion is more rapid. 

The top then being in motion, all its parts tend to re- 
cede from* the axis, and with greater force the more ra* 
jndly it revolves; hence it follows that these parts are 
likeso many powers acting in a direction perpendicular 
to the axis. But as they are all equal, and as they pass 
all round with rapidity by the rotation, the result must be 
that the top is in equilibrio on its point of support, or the 
extremity of the axis on which it turns. 

PROBLEM XXXIII. 

How comes it that a sticky loaded with a weight at the uppef 
extremity y can be kept in equilibrio^ on the point of, thf 
finger^ much easier than when the weight is near the 
lower extremity; or that a sword, for example , can be 
balanced on the finger much better ^ when the hilt is up- 
permost ? 

• • ■ 

The reason of this phenomenon, so well known to all 
those who perform feats of balancing, is as follows. When 
the weight is at a considerable distance from the point of 
support, its centre of gravity, in deviating either on the 
one side or the other from * a perpendicular direction, 
describes a larger circle, than when the weight is very 

VOL. tl« B 
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near to the centre of rotation, or the point of support. 
But in a large circle an arc of a determinate magnitade, 
such as an inch, describes a curve which deviates mUoh 
less from a horizontal direction than if the radius of the 
circle were less. The centre of gravity of the weight 
then may, in the first case, deviate from the perpendicular 
the quantity of an inch, for example, without having a 
tendency or force to deviate more, than it would in the 
second case ; for its tendency to deviate altogether from 
the perpendicular is greater, according as the tangent to 
that point of the arc where it happens to be, approaches 
more to a vertical direction. The greater therefore the 
circle described by the centre of gpravity of the weighty 
the less is its tendency to fall, and consequently the greater 
the fecility with which it can be kept in equiUbrio. 

PROBLEM XXZIV. 

JVhai is the most advantageous position of the/eetfor stand' 
ing withfirmnessy in an erect posture*^ 

It is customary among well bred people to turn their 
toes outwards; that is to say, to place their feet in such a 
manner, that the line passing through the middle of the 
sole, is more or less oblique to the direction towards which 
the person is turned. Being induced by this circumstance 
to enquire whether this custom, to which an idea of grace- 
fulness is attached, be founded on any physical or cbecha- 
nical reason, we shall here examine it according to the 
principles of mechanics. 

Every body whatever rests with more stability on its 
base, according as its centre of gravity, on account (^ its 
position and the extent of that base, is less exposed to be 
carried beyond it by the effect of any external shock. The 
problem then, in consequence of this very simple prinolplei 
is reduced to the following: To determine whether the 
base» within which tlie line drawn perpendicular to Ae 
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horizon from the centre of gravity of the human body 
ought to fall) is susceptible of increase and diminution, 
according to the position of the feet ; and what is the posi- 
tion of the feet which gives to that base the greatest ex- 
tent. But this becomes a problem of pure geometry, 
which might be thus expressed : Two lines aï^ and bc (fig. 
31 p]. 6) of eçtial lengthy and moveable around the points a 
mid B, CLS centres^ being given; to determine their position 
when the trapezium or quadrilateral abcd is the greatest 
possible. This problem may be solved with the gpreatest 
fiicility, by methods well known to geometricians; and 
from the solution the following construction is deduced. 

On the line a d (fig. 32 pi. 6), equal to ad, or bc, con- 
struct the isosceles triangle ah d, rightangled at h ; and 
make ak equal to ah. Having then assumed ai equal to 
one half of ag, or one fourth of ab, draw the line ki, and 
make is equal to ik : on os if an indefinite perpendicular, 
intersecting in d, the circle described from the point a as 
a centre, with the radius ad, be then raised, the point d, 
or the angle dae, will determine the position of ad, and 
bonsequently of bc. If the line ab, and consequently ag 
or AI, be nothing, or vanish» ae will be found equal to 
AH ; and the angle Dae will be half a right one. Thus, 
when the heels absolutely touch each other^ the angle 
which the longitudinal lines of the soles of the feet ought 
to form, is half a right one, or nearly so, on account of the 
small distance which is then between the two points of 
rotation, in the middle of the heels. 

If the distance ab is equal to ad, the angle dae ought 
to be 60 degrees; if Ab is equal to twice ad, the angle 
dae ought to be nearly 70 degrees ; and in the last place, 
if AB be equal to 3 times the line ad, it will be found that 
DAE ought to be nearly 74^ SO'. 

^ It is hence seen, that in pi^oportion as the feet are at a 
greater distance from each other, their direction, in order 
to stand or walk with piore stability, ought to approach 

E 2 
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nearer to parallelism. But^ingeneral, mechanical principles 
accord yrith what is taught by custom and gracefulnessi as 
it is called ; that is to say, to turn the toes outwards. 

PROBLEM XXXV. 

Of the game of BiUiards. 

It is needless to explain here the nature of billiards. It 
is well known that thb game is played on a table covered, 
with green cloth, properly stretched, and surrounded by. 
a stuffed border, the elasticity of which forces back the 
ivory balls that impinge against it. The winning strokes 
at this game, are those which, by driving your ball agaipst 
that of your adversary, force the latter into one of the hple^ 
at the corners, and in the middle of the two longer sideS| 
which are called pockets. 

The whole art of this game then consists in being able tQ 
know in what manner you must strike your adversary's ball 
with your own, so as to make it fall into'one of the pockets^ 
without driving your own into it also. This problem^ and 
some others belonging to the game of billiards» may be 
solved by the following principles. 

1st. The angle of the incidence of the ball against one 
of the edges of the table, is equal to the angle of rej- 
flection. 

2d. When a ball impinges against another, if a straight 
line be drawn between their centres, which will conse- 
quently pass through the point of contact, that line will 
be the direction of the line described after the stroke* . 

These things being premised, we shall now give a few 
of the problems which arise out of this game. . . 

I. The position of the pocket and that of the two baUs m und 
N being given (fig. 33 pL 7); to strike your aàoermrjfs 
hall M m sw:h a manner^ that it shall fall into the pocket. 

Through the centre of the given pocket and that'of tlié 
ball, draw, or conceive to be drawn, a straight Kne';'tbè 
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point where it intersects the sur&ce of the bali^ on the 
side opposite to or farthest from the pocket, will be that 
where it ought to be touched^ in order to make it more in 
the required direction. If we then suppose the above line 
continued from one of the radii of the bail, the point o, 
where it terminates, will be that through which the iiA- 
pinging ball ought to pass. It may be readily conceived, 
that it is in this that the whole dexterity of the game con» 
ttsts:. nothing being necessary j, but to strike the ball in a 
proper manner. It is easy to see what ought to be done, 
but it is not so easy to perform it. 

In the last place^ it is evident from what has been said, 
that provided the angle nob exceeds a right angle ever so 
little, it is possible to drive the ball m into the pocket. 

m • 

II. To strike the ball by reflection. 

. The ball m (fig. S4 pi. 7} being concealed, or almost 
concealed, behind the iron, in regard to the ball n, so that 
it would be impossible to touch it directly, without run* 
niog the risk of striking the iron and falling in the attempt ; 
it is necessary, in that case, to try to touch it by reflection. 
For this purpose, conceive the line. mo, drawn perpen- 
dicular from M to the edge dc, to be continued to 9n; so 
that o m shall be equal to om. If you aim at the point 
m, the ball n, after touching the edge dc, will strike the 
ballM. 

If it were required to strike the ball m (fig. 35 pi. 7) by 
two reflections, the geometrical solution, in this case, is as 
follows. Conceive the line mo, drawn perpendicular from 
the point M, to the edge bc, to be continued till o m be- 
come equal to OM. Conceive also the line m p, drawn 
perpendicular from the point m to the edge continued, to 
be continued to ;, until p ; be equal tovm; if the ball n 
be directed to the point q^ after impinging against the 
^dges PC »nd cb, it will strike the ball m. 
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To those, in the least acquainted with geometry, thé 
demonstration of this problem will be easy, 

HI. If a ball strikes against another in any direction wiuU», 
eoer^ what is the direction of the impinging ball after the 
shock? 

It is of importance, at the game of billiards, to be able 
to know what will be the direction of your own ball afltei* 
it strikes that of your adversary obliquely; for every one 
knows that it is not sufEcient to have touched the latter, 
or to have driven it into the pocket ; you must also pre^ 
vent your own from falling into it. 

Let M and n (fig. 36 pi. 7) be the two balls, the lattef 
of ^hich is to strike the former, touching it in the point 
o. Through this point o, let there be drawn the tangent 
op; and through the centre n, of the ball n, when it 
arrives at the point of contact, draw or conceive to be 
drawn n p, parallel to op : the direction of the impinging 
ball, after the shock, will h^ np. A bad player would 
here be infallibly lost; and indeed this is often the case-in 
this position of the balls. Expert players, when they find 
that they have to do with novices, often give them this 
deceitful chance, which makes them lose, by driving their 
ball into one of the corner pockets. In this case you must 
not take the ball of your adversary by halfs, according to 
the technical term of the game, to drive it to one of the 
corners at the other end of the table ; for in doing so, you 
will not fail to lose yourself in. the other corner. 

Bemark.—- In reasoning on this game, we set out from 
common principles; but we must confess that we have 
some doubts on this subject, the reason of which we shall 
here explain. 

If the balls had only one progressive movement for- 
wards, without rotation around their centres, the above 
principles would be evidently and sufiicientiy deineè* 
strated. But every one knows that, independently of this 
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prôgresive motion of the centre, a billiard ball rolls on 
the table in a plane which is perpendicular to it. When 
a ball then touches the edge, and is repelled with a forco 
nearly equal to that with which it impinged, it would ap- 
pear that this motion ought to be compounded of the 
rotary motion it had at the moment of the shock , and that 
trUch it has in a direction parallel to the edge* But since 
Ifae first of these motions compounded with the latter, 
gires the angle of reflection equal to the angle of inci« 
dence, what then becomes of the second, which ought to 
«alter ^e first result 7 In our opinion this is a dynamical 
problem, which has never yet been solved» though it de- 
serves to be so. 

However, this rotary motion, in certain circumstances, 
gives a result which seems contrary to the laws of the im« 
pinging of elastic bodies ; for according to this law, when 
an elastic body impinges directly and centrally against 
'another which is equal to it, the first ought to stop, in con- 
séquence of having communicated, as is supposed, all its 
ordocity to the second. But at the game of billiards, this 
^does not take place ; for here the impinging ball continues 
to. move, instead of stopping short. This efiect is partly 
a consequence of the motion of the impinging ball around 
its centre; a motion which subsists in a great measure 
after the shock, and it is this motion partly which makes 
the ball still move forwards. Another cause of the striking 
balPs moving forward, is the want of perfect elasticity ih 
them both, on w4iich account that ball still retains some 
portion of its direct forward motion, the other ball, which 
is iltruck, receinng the rest of the motion. 

PROBLEM XXXVI. 

To construct a Water Clock. 
This name is given to a clock shaped like a drum or 
jbrnrd^as aucd, (%• 37 pK 8), made of metal well solderecl, 
MiA put ia wolion by a certain qu^tity of water contained 
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in the inside of it. The hours are indicated on two vertical 
pillars, between which it is suspended by small strings or 
cords, rolled round an axis, every where of the same 
thickness. The internal mechanism is exceedingly in- 
genious, and deserves a better explanation than what lin 
been given of it in the preceding editions of the Math»» 
maticai Recreations, where Ozanam does not tell us how 
the machine goes and is supported, as we may say, in toe 
air, without falling, as it seems it ought to do. * 

. Let the circle 12 3 4 (fig. 38) represent a section of 
the drum or cylinder, by a plane perpendicular to its axis. 
We shall here suppose the diameter of it to be six inches ; 
and let a, b, c, d, e, f, g represent seven cells, the parti» 
tions of which are formed of the same metal, and are well 
soldered to the two circular ends, and to the circular band 
which forms the circumference. These partitions ought 
not to proceed from the centre to the circumferei^ce, but 
to be placed in a somewhat transverse direction, so as to ' 
be tangents to^in interior circle, of about an inch and m 
half in diameter.: the small square h is a section of the 
axis, which in that part ought to be square, and to fit very 
exactly into holes, of the same form, made in the centre 
of each end of the cylinder. Each partition also ought to 
bave in it a small round hole, as near as possible to the 
circumference of the cylinder, all pierced with the same 
piercer, that there may be no difference among them*. 

Let us now suppose that a certain quantity of water, 
about 8 or 9 ounces, has been put into the cylinder, and 
that it has already distributed itself as shown bythe'hor^ 
zontal shading lines fig. 38. If the line ik represent the 
two strings, gh and ef, (fig. 37), rolled round the axis isi 
the cylinder, it may be easily seen that the centre of gra» 
vity, whicb^.if the machine were empty," would be in the 
centre of the figure, being thrown out of the line of ^us-v, 
pension, and towards the side where the machine hasJi 
tendency to fall, it Would indeed fall; but the effitci ef 
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tbe water behind the partition d, is to throw back the 
centre of gravity, so that if it were on this side the vertical 
fine Ki continued, tbe cylinder would revolve from d to e, 
in order, to be in that vertical; and in this position tbe 
machine would remain in equilibrio, if the water couM not 
proceed from the one cavity to the other ; for the cylinder 
cannot revolve in the direction agf, without making the 
pentre of gravity ascend towards d : in the like manner it 
cannot revolve in the direction bcd» without the centre 
rising on the opposite side. The machine must then re- 
main in equilibrioy until something is changed. 

But, if the water flows gradually through the hole in tbe 
partition n, which is between the cellsD and e, it is evi- 
dent that the centre of gravity will advance a little beyond 
jKi continued, and the machine will imperceptibly revolve 
in the direction aof; and since by descending in this 
manner, the centre of gravity is thrown towards the verti- 
csd line ki produced, the equilibrium will at the same time 
be r<çstored, and this motion will continue until the whole 
of tbe cord be unrolled from the axis. This movement 
indeed will not be altogether uniform; for it is evident 
tbat^when the water is almost entirely behind the partition 
1^, the cylinder will revolve faster than when it has nearly 
flowed <^; and the periods of these inequalities during a 
whole revolution of the cylinder wilfbe equal in number 
to tbe cells ; a circumstance which seems not to have been 
observed by those who have written on clocks. of this 
kijQd. 

To have an exact division of time by these means, it 
WÎ1I therefore be necessary. to make a mark on the cir- 
cumference of the cylinder. . If the machine be then wound 
up as high as possible, and disposed in such a manner that 
the mark shall be at the top of the cylinder^ you will have 
a.good dock, with which you must mark, during a whole 
levolution, the points of the hours elapsed. But care must 
be takf^ that tbe number of hours shall be an int^er 
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number, as 2, 4, 6, See i and for that purpose the moire* 
ment of the machine must be retarded or accelerated till 
the proper precision has been obtained ; otherwise it migbt 
err some minutes, and perhaps a quarter of an hour. Horn 
this movement may be accelerated or retarded, we shall 
show hereafter. 

In the last place, in winding up the clock, care must be 
taken that when the axis is placed opposite to the first 
division, the mark made in the ey Under shall be in the 
same position ; otherwise there may be an error, as already 
said, of some minutes. We shall now add some useful 
observations in regard to this object. 

I. It is absolutely necessary that the water employed be 
distilled water; otherwise it will soon become corrupted, 
so as to stop up the holes through which it ought to flow { 
and the machine will consequently stand still. 

II. The substance most proper for constructing the 
cylinder of these machines, is gold or silver; or, what it 
cheaper, copper well tinned on the inside, or even tin 
itself. 

III. This machine is apt to go a little faster in summer 
than in winter, and therefore ought to be regulated from 
time to time, and retarded or accelerated. For this pui^ 
pose, it will be necessary to add to it a small weight as a 
counterpoise, tending to make it revolve outward. This 
weight ought to have the form of a bucket (fig. S9 pi. 8); 
and to be of some light substance, so that it can be chai^^ 
more or less by means of small drops of lead. To ao* 
celerate the machine, two or three drops of lead may be 
added ; and when it is necessary to retard it, they may be 
removed ; which will be much more convenient than add- 
ing or taking away water. 

IV. The place where the axis passes through the cylinder 
must be well cemented ; otherwise the water would 
gradually evaporate, by which means the machine woukL 
be continually retarded, and at length would stopb 
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V. Notwithstanding all these precautions, it may be 
feadily seen^ that a machine of this kind is rather an object 
ef curiosity^ than calculated to measure time with accuracy. 
}t may be proper for the cell of a convent, or a cabinet of 
mechanical curiosities ; but it will certainly never be used 
by the astronomer/ 

' YL The inventor of this kind of clock is not known* 
Ozanam, who wrote in 1693, says that the first seen at 
Faris about that period had been brought from Burgundy ; 
and he adds that father Timothy, a Barnabite, who ex- 
celled in mechanics, had given to this msichine all the per« 
fection of which it was susceptible* Thb monk had con- 
structed one about 5 feet in height, which required wind- 
ing up only once a month. Besides the hours, which were 
marked on a regular dial plate, at the top of the frame, it 
indicated the day of the month, the festivals throughout 
die year, the sun's place, and his rising and setting, as well 
as the length of the day and night. This was performed 
by means of a small figure of the sun, which gradually 
descended, and which, when it reached the bottom of the 
frame, was raised to the top at the end of every month. 
' Father Martinelli has treated, at great length, on these 
clocks, in an Italian work, entitled Horologi ESementari, 
in which he delivers methods of making clocks by means 
of the four elements, water, earth, air, and fire. This 
work was printed at Venice, in 166S, and is very rare. 
The anther shows in it how striking machinery may be 
adapted to a water clock; with other curiosities, which 
are sometimes added to common clocks. 

4 

PBOBLEM XXXVII. 
MECHANICAL PARADOX. 

JB[(nÊ) equal weights placed at any distance from the point of 
support of a balqnce, shall be in equilibrio. 

Provide a frame in the form of a parallelogram, such as 
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DEFG (fig. 40 pi. 8), constructed of four pieces of wood, 
joinedtogether in such a manner as to move freely at the 
angles, so that the frame can change its rectangular form 
into that represented by the letters tfg d. The long sides 
ought to be about twice the length of the others. This 
frame is inserted in a cleft formed in the perpendicular 
çtand BC> so afis to be moveable on the two points i and h^ 
where it is fixed in the stand by two small axes: in the 
)ast place, two pieces of wood, mn and kl, pass through 
the shorter sides, in which they are well fixed, and the 
whole apparatus rests on the stand ab. 

Now if the weight p, be suspended ïrom the point m» 
whfeh is almost at the extremity of the arm mn, the most 
distant from the centre or centres of motion ; and if the 
weight Q, equal to the former, be suspended from any 
point R, of the other arm kl, nearer the centre, and even 
within the frame, these two weights will always be in equi* 
librio; though unequally distant from the point of support 
or of motion in this kind of balance ; and they will re* 
main so, whatever situation may be given to the machine^ 
^efdg. 

: The reason of this effect, which at first seems to con- 
tradict the principles of statics, is however very simple. 
For two equal bodies will be in equilibrio, whatever move- 
ment may be made by the machine from which they are 
suspended, if the spaces passed over by these two bodies 
or weights are equal and similar. But it may be readily 
seen that this must necessarily be the case here, since the 
two weights, whatever be their position, are obliged to 
describe equal and parallel lines. 

It may be readily seen also, that, in such a machine, 
whatever be the position of the weights along the arms 
MN and KL, the case will always be the same, as if they 
were suspended from the middle of the short sides ed and 
FG. But in the latter case, the weights would be in equi- 
librio, therefore in former also. 
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PROBLEM XXXVIII. 

WAat velccitt/ must be given to a machine^ nwoed by water ^ 
in order that it may produce the greatest effect f 

That this is not a matter of indifference, will readily 
appear from the following observation. If the wheel 
moved with the same velocity as the fluid , it would expe- 
rience no pressure ; consequently the weight it would be 
capable of raising would be nothing, or infinitely small. 
On the other band, if it were immoveable, it would expe- 
rience the whole pressure of the current ; but in this case 
there would be an equilibrium, and as no weight would be 
raised, there would consequently be no effect. There is 
therefore a certain mean velocity, between that of the 
current* and no velocity at all, which will produce the 
greatest effect — an effect proportional, in a given time, to 
the product of the weight multiplied by the height to 
which it is raised. 

We shall not here give the analytical reasoning wfaidv 
conducts to the solution of the probleni : We shall only 
observe, that in a machine of the above nature, the veIo« 
city of the wheel ought to be equal to a third part of that 
of the current. Consequently the resistance or the weight 
must be increased, until the velocity be in this ratio. The 
machine will then produce the greatest effect possible. 

Remark.— ^The above proportional part, viz, one thirds 
is an old error which has been properly corrected by a 
late author, who has shown, both theoretically and practi- 
cally, that the water wheel works with the greatest effect, 
when its velocity is equal to half the velocity of the stream 
which turns it. See the Transactions of the American 
Philosophical Society, vol. 3. p. 144; or Dr. Hutton's 
Dictionary, vol. 2, under the word Mill. 

PROBLEM XXXIX. 

What is the greatest number of float-boards ^ that ought to be 
I applied to a wheel mooed by a current of water ^ in order 
to niake it prodûèe the gr^ttest effectP ' 
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It was long believed that the float-boards of such a 
wheel ought to be so proportioned, that when one of them 
was in a vertical position, or at the middle of its immer- 
sioD^ the next one should be just entering the waten A 
great many reasons were assigned for this mode of coiw 
struction, which however are contradicted by calculation, 
as well as by experience. 

It is now demonstrated, that the more float-^boards such 
a wheel has, ^e greater and more uniform will be its ef-* 
feet* This result is proved by the researches of the abbé 
de Valernod, of the academy of Lyons, atnd those of M. 
du Petit- Vandin, to be found in the first volume of the 
Mémoires des Sçavans Etrangers* 

The abbé Bossut, who examined, by the help of expe- 
nments, the greater part of the hydraulic theories, bas 
^monstrated also the same thing. According to the ex* 
periments which he made, a wheel furnished with .48 
float-boards, produced Si much greater e&ct, than one 
furnished with 24; and the latter a greater effect than 
one with^l2; their immersion in the water being equal. 
M. du Petit- Vandin therefore observes, that in Flanders, 
where running water is so exceedingly scarce, as to render 
it necessary to turn it to the greatest possible advantage, 
the wheels of water-mills are furnished with 32 float- 
hoards, at least, and even with 48, when the wheel is from 
L&to 19 feet in diameter. 

PItOBLEM XL. 

If there be two ofUnders^ containing exactly the same quan- 
tity of matter, the one solid and the other hollow, and Im^ 
of the same length; which of them will mstain, without 
bnsaking, the greatest weight suspended from one qf itf 
extremities, the other being fixed f 
Some, and perhaps several of our readers, may be in- 
clined to think that, the base of rupture being the sam^ 
every thing else ought to be equal. On the first view, 
one might be iaduoi^ to considfsr thç spUd cyl^id^ as c»- 
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pable of presenting greater resbtance to being broken: 
lb» however would be a mistake. 

Galileo, who first examined mathematically the resistance 
ti solids to being broken by a weight, has shown that the 
hollow cylinder will present the most resistance; and that 
this resistance will be^ greater in the transverse direction, 
according as the hollow part is greater. He even riiows^ 
firom a theory which approaches very near the troth, that 
the resistance of the hollow cylinder will be to that of the 
wciid one, as the whole radius of the hollow is to that of 
the solids Thus the resistance of a hollow cylinder, har^ 
ing as much vacuity as solid, will be to the redstance of a 
Bolid one, as \/2 to 1, or as 1*141 to 1*000; for the radius 
of the former will be <v/2, while that of the latter is unitju 
The resistance of a hollow cylinder, having twice as much 
vacuity as solid, will be to a solid one, as VS to 1, or as 
1*73 to 1*00; for their radii will be in the ratio of ^S to U 
The resistance of a hollow cylinder, the solidity of which 
farms only a 20th part of the whole volume, will be to that 
ci a solid cylinder of the same mass, as ^21 to 1, or as 
4*31 to 1*00; and so on. 

RBMABK.-^It maj be readily observed, and GaKleo 
does not fail to take notice of it, that this mechanism b 
that which nature, or its Supreme Author, has employed 
on various occasions to combine strength with lightness. 
Thus the bones of the greater part of animals are hollow : 
by being solid, with the same quantity of matter, they 
would have lost much of their strength ; or to give them 
ihe same power of resistance, it would have been neces- 
'sary to render them more massy ; which would have les- 
sened the facility of motion. 

The stems of many plants are hollow also, for the very 
isame reason. In the last place, the feathers of birds, in 
Ûie formation of which it was necessary that great strength 
Aonld be united with great lightness, are also hollow : 
SRid the cavity even occupies the greater part of tbeir 
whole diameter ; so that the sides are exceedingly thin. 
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PROBLEM XLI. 

To construct a lantern^ which shall give light at the bottom^ 

of the water. 

This lantern must be made of leather, which will resist 
the waves better than any other substance ; and must be 
furnished with two tubes, having a communication with 
the air above. One of these tubes is destined to admit 
firesb air for maintaining the combustion of the candle or 
taper ; and the other to serve as a chimney, by affording 
a passage to the smoke: both must rise to a sufficient 
height above the surface of the water, so as not to be co- 
vered by the waves when the sea is tempestuous. It may 
be readily conceived, that the tube which serves to admit 
Itesh air, ought to communicate with the lanterii at the 
bottom; and that the one which serves as a chimney, must 
be connected with it at the top. Any number of boles at 
j^ledsiire, into which gloses are fitted, may be made iiT the 
leather of which the lantern is constructed ; and by- these 
means the light will be diffused on all sides. In the last 
place, 'the lantern must be suspended from a piece of cork^ 
that it may rise and fall with the waves. < • 

Â lantern of this kind, says Ozanam, might be employed 
for catching fish by means of light; but this method of 
fishing has, in some countries, been wisely forbidden under 
severe penalties. 

PROBLEM XLII. 

To constmct a lamp, which shall preserve its oil m èverf 
sitication, however moved or inclined. 
To construct a lamp of this kind, the body of it, or the 
rase that contains the oil and the wick, must have the 
form of a spherical segment, with two pivots at the edge, 
diametrically opposite to each other, and made to turn in 
two holes at the extremities of the diameter of a brass cnt 
iron circle. This circle must, in like manner^ be furnished 
with two pivots exactly opposite to each other, and at the 
distance of 90« firom the holes in whkh the former are in- 
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0Med. These »econ(} pirots inust be made to turn in two 
holes diametrically opposite in a second circle ; and this 
second circle mnst likewise be furnished with two pivots^ 
Biserted in some concavo body, proper to serve as a co* 
fering to the whole lamp. 

' It may be readily seen that, by this method of suspen- 
sion, whatever motion be given to the lamp, unless too 
abruptly, it will always maintain itself in a horizontal 
position» 

'This method of suspension is that employed for the 
ifeariners compass, so useful to navigators; and which must 
id^ays be preserved in a horizontal situation. We have 
ffead in some author, that Charles the 5th caused a carriage 
Id be suspended in this manner, to guard against the 
emger of being overturned. 

PBOBLEM XLIII. 

Meikod of constructing an anemoscope and an anemometer. 
. These two machines, which in genera] are confounded, 
are not however the same. The anemoscope serves for 
pointing out the direction of the wind, and therefore, 
properly speaking, is a weather-cock; but in common 
Uris term is u&ed to denote a more complex machine, wliicE 
indicates the direction of the wind by means of a kind of 
dial plate, placed either on the outside of a house, or in 
an apartment. In regard to the anemometer, it is a ma- 
tUne which serves to indicate, not only the direction, but 
-the duration and force of the wind. 

The mechanism of the anemoscope is very simple. (Fig* 
41 pi. 9). In consists, in tbe first place, of a weather- 
cock, raised above the building, and supported by an axis, 
one end of which, passing through the roof, is made to 
turn in a socket fitted to' receive it, and with such facility 
as to obey tbe least impulse of tbe wind.' On this axis is 
fisted a crown wheel, the teeth of which beitig turned 
doiiii wards, fit iiito those of a vertical wheel, exactly of 
the same size, placed on a horizontal axis^ which at its in- 
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tensity is furnished with an index. It is hence evident, 
that when the vane makes one turn, the index will make 
one exactly aiso. If this index then be placed in such a 
manner as to be vertical, when the wind is north ; and if 
care he taken to observe in what direction it turns when it 
changes to the west, it will be easy to divide the dial-plate 
into 32 points. 

An anemometer, if it be required only to measure the 
intensity or force of the wind, may he constructed with 
equal ease. We would propose the following. l£t ab 
(fig. 42 pi, 9) be an iron bar, fixed in a horizontal direc- 
tion to the vertical axis of a vane. The extremities of this 
bar, which are bent at right angles, serve to support a 
horizontal axis, around which turns a moveable frame 
ABCD, of a foot square. To the middle of tlie lower side 
of the frame is fastened a very fine but strong silk 
thread, which passes over a pulley F, fitted into a cleft in 
the vertical axis of the vane, whence it descends along 
the axis to an apartment below the roof. The distance 
SF must be equal to ge. To the end of the silk thread il 
suspended a small weight, just sufficient to keep it stretched. 
.When the frame which, by the turning of tlie vane, will 
be always presented to the wind, is raised up, as will be 
the case, more or less, according to the force of the wind, 
the small weight will be raised up also, and will thus in- 
dicate, by means of a scale adapted to the sutts of the 
. vane, the strength of the wind. It may readily l>e p«w 
i that the force of the wind will be equal tp zero, or 
AOthing, when the small weight is at itt lowest point ; and 
t its maximoni, or greatest dcpee, will ' 

t its highest, which will indicate that tile i> 

rame in a horizonlul posiilin nr >- . 

The foi ■ • ■ ' 

tation ol ■ ! 
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1 the sine of the angle wliich it makes nith the vertical Uae^ 
i divided hy the square of the same angle. Nothing 
I tlien wiil be necessary, but to ascertain, by the motion of 
I the small weight affixed to the thread efp, the incUnatioa 
I of the frame. But tbia is easy ; for it may be readily aeen 
I that the quantity which it rises above the lowest point, 
1 will always be equal to the chord of the an^le formed by 
little frame with the vertical plane, or to double the sine of 
I ibe half of that angle. The extent therefore of this angle 
I Biay be marked along the scale, and also the force of the 
I irind, calculated according to the foregoing rule. 

In the Memoirs of the Academy of Sciences, for the 
r 1734, may be found the description of an anemoaic- 
, invented by M. d'Ons-en-Bray, to indicate at the 
me time the direction of the wind, its duration in that 
iireetion, and its strength. This anemometer merits that 
e Bhould here give some idea of it. 
' It consists of three parts, viz, a common clock, and two 
r machines, one of which serves to mark the direction 
f the wind- and its duration; the other to indicate its 

If T he first of these machines consists, like the common 
Wpe, of a vertical atck bearing a vane, which by 
Kiome wheels indicates, on a dial-plate, from what 
B wind blows ; the lower part of this axis passes 
1 which are implanted 32 pins, in a 
E pins, by Lite manner in which they 
t against a piece of pajier, pro- 
i stretched, between two vertical co- 
B ai wfakh it is rolled up, while it is 
■her. T\th rolling up and unrolling 
||Ous motion of two axes, 
htock above mentioned, 
■•hat, according to the 
vill présent itself to 
■ ily against it will ■ 
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leave a piark, the length of which will indicate the durai' 
tion of the wind. If two neighbouring pins make a marli^ 
at the same time, this will indicate that the wind followed 
« middle directionii 

The part of the anemometer which indicates the force 
.of the wind, consists of a mill, after the Polish mannei^^ 
which revolves faster, according as the wind b stronger* 
Its vertical axis is furnished with a wheel that drives a 
small machine, which, after a certain number of tums^ 
forces a pin against a frame of paper, having a motioa 
similar to that of the anemometer above described. The 
number of these strokes, each of which is marked by a 
hole, on a determinate length of this moveable paper, dcF* 
notes the force of the wind, or rather the velocity of die 
circulation of the mill, which is nearly in the same propor*. 
tion. But, for a complete explanation of the mechanism^ 
we must refer to the Memoirs of the Academy of Science^ 
above quoted ; as want of room will not allow us to gife 
a more minute description of it in this place. 

Rbmark. — ^Many other forms of anemometers have 
been invented, in various countries. Of several of these 
the descriptions oaay be seen, with their figures and the^ 
calculation of their effects, in Dr. Hutton's Dictionary^ 
under the several articles anemometer, resistance^ 

WIND, and WIND-GAGE. 

PROBLEM XLIV. 

Construction of a Steel-yard^ bj/i means of which the xeeighi 
of a body may be ascertained ^ without weights. 
We shall here describe two instruments of this kind i 
the one portable and adapted for ascertaining moderate 
weights, such as from 1 to 25 or SO pounds ; the other 
fixed, and employed for weights much more considerably 
and even of several thousand pounds. One of the latter 
kind was used in the custom house at Paris ; and could be 
employed, with great convenience, for weights between 
100 and SOOO pounds. 
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The Ârsfc of these steel yards is represented fig. 4S pi. 9. 
It consists of a metal tube ab, about 6 inches in length. 
Hud 8 Knes in diameter, a section of which is here given, 
to show in the inside of it a spiral steel spring. The upper 
Itnd A, is pierced with a square hole, to aflbrd a passage to 
K metal rod, which is also square ; and which passes through 
>liie spring, so that it is impossible to draw it upwards with* 
Mit compressing the spring against the upper end within 
liie tube. To the lower part of the tube is affixed a hook, 
from which the body to be weighed is suspended. 

It is here evident, that if bodies of different weights be 
ftpplied to the hook, while the steel-yard is suspended by 
its ring, they will draw down the tube more or less, by 
ferang the upper end of it against the spring. The rod 
tiierefore must be divided, by suspending successively from 
the hook different weights, such as one pound, two pounds, 
&c, to the greatest which it can weigh ; and if the part of 
Uie rod drawn out of the tube each time be marked by a 
fine, accompanied with a figure denoting the weight, the 
Utttrument will be complete. When you intend to use it, 
nothing is necessary but to put your finger into the ring, 
to raise up the article you intend to weigh, suspended 
from the hook, and to observe, on the divided face of the 
rod, the division exactly opposite to tberedgc^ of the hole; 
Ibe figrure belonging to this division will indicate the num- 
het of pounds which the proposed body weighs. 

The second steel-yard consists of two bars, placed back 
to back, or of a itfngle one abcde bent in the form seen 
fig. 44 pi. 9. The part ab is suspended by a ring from a 
«troQg beam,-and the part ds terminates in a hook at £, 
firom which the articles to be weighed are suspended. To 
the part ed is fixed a rack, fitted into a pinion, connected 
iritfa a wheel, the teeth of which are fitted into another 
pinion, having on its axis an index ; and this index makes 
just one revolution, when the weight of 3000 pounds is 
sUBpcfiided fxota the hook e* For it may be readily seen, 
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tliat when any weight is suspended from e, the spring dcb 
must be more or less stretched ; this will give motion to 
the rack bf, and the latter will turn the pinion into wUfib 
it is fitted ; and consequently will give motion to the wheal 
and second pinion, having on its axis the index. It is alio 
evident, that in constructing the machine; such a force may 
be given to the spring, or its wheels may be combined ill 
such a manner, that a determinate weight, as SOOO peuadi^ 
shall cause the index to perform a complete revpliitioiu 
The centre of motion of this index is in the eentre of A 
circular pl^te, marked with the divisions, that serve to in- 
dicate the weight. These divisions must be formed by 
suspending, in succession, weights less than the greâteili^ 
in the arithmetical progression, as 29 hundred weighty 48^ 
27, 8cc. This will give the principal divisions, which witli^ 
out any considerable error may be then subdivided iiift# 
equal parts. 

When the instrument is thus constructed ; then to fidd 
the weight of any article that weighs less than 3000 pounds 
nothing is necessary but to suspend it to the hook r ; and 
the index will point out, on the circular plate, its weight 
in quintals, or hundreds, quarters, and pounds. r.: 

R£MARK.-^It may be proper here to observe, that tbi^ 
method of wdgMng cannot be perfectly exact, unless we 
suppose that the temperature of the air always remaiAs the 
same; for during cold weather springs are stifFer, and 
during hot \^eather are less so. On this account, we have 
no doubt that there is a difference between the same artide 
weighed at the custom house at Paris in winter and ill 
summer. In winter it must appear to weigh less than it 
does in summer. 

PROBLEM XLV. 

To construct a carriage^ which a gouty person majf empUsf 
for moving from one place to another ^ without the assist^ 
anee of men or horses. 

A carriage of this kind is represented Plate x fig*:4lw 
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The reftd'er may observe, 1st. Two large wheels, which 
might to be abopt 44 inches \u diameter ; the circumfer^ 
enee of these wheels Consists of one piece ; it is covered 
with one piece of iron, and ought to be pretty broad, that 
they -may sink less into the ground* 

* 2d, At the distance of about two thirds of each spoke, 
from the nave of the wheels is applied a roller, an inch in 
flttokness, and turning on an axis, one end of which is fixed 
m the spoke, and the other in a flat circular piece of iron, 
which by means of nuts and screws serves to keep all the 
toilers in their places. 

* Sd. On each shaft, beyond the place where it is crossed 
fey the axis of the two wheels, is fisMd a piece of iron, 
shaped like a fork, which serves to support the axis of a 
àrank, having at its extremity a wheel with 4 teeth, cut 
mto the form of an epicycloid. These teeth are fitted into 
Ae rollers above mentioned, and serve to turn the wheel; 
Tiie arm of the crank ought to be only 8 or 9 inches in 

* éth. A plan of the same things is represented fig. 40. 
It exhibits the form of the shafts or frame, consisting of 
two parallel pieces of wood, a little concave on the upper 
side, kept together behind by a turned bar of wood, and 
brfore by a piece of iron. These two cross pieces serve 
to support the two springs, on which are placed a small 
easy chair, furnished with cushions, and a step for the feet. 
if required, it may be fitted with an umbrella. It ought 
ao stand a little backwards, that the weight of the person 
JBay not throw the carriage forward. To the lower part 
irf the foot step is fixed a piece of bent iron, which in case 
the machine should incline forward, may serve to keep it 
back by resting against the floor. To maintain it firm 
behind, a small wheel is connected with the middle of the 
cross Imr of the frame, by a mechanism similar to that of 
bed-rollers; the vertical axis of which, for the greater 
ftarengtb, passes through a bar of iron fixed to the axis of 
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the large wheels. In the last place^ the extremities of Ùti 
firame or body are famished with two handles, by means of 
which the machine can be pushed forward by a servant ûi 
difficult places ; and in front there are two hooks, to whiob 
traces can be made fast, in order that a horse may be at* 
tadhed to the carriage if necessary. A more minute i}e» 
Bcription of this machine may be found in Mémoires pré-t 
ftentés à 1' Académie Royale des Sciences, par divem 
jBçavanis, vol. 4. ' 

We are informed by M. Brodier, the ijiventor of Ùm 
machine, that haying caused one to be constructed, it 
Iveighed no more, including the weight of his body, than 
378 pounds ; and calculating its effect according to .tins 
principles of mechanics, he found that on ascending an ia» 
dined plane of 8 degrees, it was capable of proceedio^^ait 
the rate of 400 yards in 23 minutes, which is agreeable.tQ 
experience. By ascending in this manner, the person 
could not fail to be fatigued ; but on firm ground, and.oii 
a horizontal pavement, a person might direct it for.alon^ 
tiikie; especially if assisted in the difficult places by a 
child 14 or 15 years of age. ... À 

The former editions of the Mathematical Recreations 
Contain very brief descriptions of some machines of tlw 
like kind. The first is a small rolling chair of the usual 
form, vnth 4 wheels, of which those before are moveable 
on their axis, and roll only by the impulse of those behind^ 
The latter are strongly fixed to their axis, and this axishafe 
m the middle a pinion fitted into a crown-wheel, whicb.tbe 
person who sits in the carriage turns by means of a handtei 
We much doubt whether this machine was ever attended 
with success, or rather we consider it to be very defective j 
sinoe the moving power is applied as near as possible t0 
the centre of motion. . , 

' The other carriage, as Ozanam says, was moved by a 
i>oy seated behind, who trod alternately with; his feet.oa 
two moveable treadles. These tce^es, la risisg, and fijt- 
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iagf moved two pieces of wood, fitted into toothed wheel» 
fixed to the axis of the large wheels. But this mechanisia 
is BO badly explained by Ozanam, both in the descriptiott 
and the figure, that no one can understand it ; for this rea^ 
son we have thought proper to make a total change in this 
article, as we have done in many others equally defective 
both in the form and the matter. 

PROBLEM XLVI. 

Method of constructing a small figure j which when left to 
itself descends along a small stair on its haiids and its 
feet. 

. This small machine, the mechanism of which is very in^^ 
genioas^ was a few years ago brought from India. It \t 
caUed the tumbler, because its motion has a great re- 
seroUanciB to that of those performers at some of the pub* 
lie places of amusement, who throw themselves backwards 
resting on their hands ; then raise their feet, and complete 
the dircleby resuming their former position ; but the figure 
can perform this movement only descending, and along 
a sort iA steps. The artifice of this small machine, is «à 
foHowBt 

AB (Plate xi fig. 47) is a small piece of light wood» 
abmlt £ inches in length, 2 lines in thickness, and 6 m 
breadth. At its two extremities are two holes c and i^ 
which serve to receive two small axes, around which the 
kg» and ahns of the figure are made to play. At ekch 
extl^enEttty of the piece of wood there is also a small recep- 
tadby Off the form seen in the plate, vi2, nearly concentric 
with the hèles c and n; having an oblique prolongatioa 
towards the middle of the piece of wood, and from th^ 
«ndi of these two prolongations proceed two grooves ^g 
sukI f^ formed in the thickness of the wood, and nearly it 
iioe'in diaiiaeter. * 

- Quicksilver being put into one of these receptacles tiH 
^isMftSfy foli^ they are both closed up by means of v^rf 
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light pieces c^ pas(:d>oard, applied on the sides. To thé 
axis» passing through one of the holes c, are affixed tire 
supporters, cut into the form of legs, with feet somewhat 
lengthened, to give them more stability. And to the oûieé 
axis> passing through d, are affixed two supporters, shaped 
like arms, with their hands placed in such a manner as to 
become a base, when the machine is turned backwards. In 
the last place, to the part gh is applied a sort of head and 
visage, made of the pith of the elder tree, and dressed after 
thé manner of tumblers. A belly is constructed of the same 
•nbstance, and the whole figure is clothed in a silk dress, 
which descends to the middle of the thighs. Having thus 
given a general account of the construction of this small 
machine, we shall now proceed to explain its mode of action; 
^ Let us first suppose the machine to be placed tiprîgiit 
on its legs, as seen fig. 48, or 49 No. 1. As all the weight 
is on one side t)f the axis of rotation c, because the recep- 
tacle of the quicksilver on that side is filled, the machine 
must incline to that side, and would be thrown entirely 
backwards, did not the arms or supporters, turning arommi 
the axis n, present themselves in a vertical direction ; but 
as they are shorter than the legs, the machine assumes the 
position represented fig. 49 No. £ ; and the quiôksilveri 
finding the small groove Gg, inclined to the horiwny 
flows with impetuosity into the receptacle placed on the 
side B. 

Let us now suppose that at this moment the machine 
rests on the supports or arms dl, which turn ronnd tiie 
«xis D : it is evident that, if the empty part of the maeUiie 
is very light, the quicksilver being entirely beyond the 
point of rotation d, will, by its considerable preponderanee 
overcome it, and cause the machine to revolve round the 
lois p, which will raise it, and make it turn on the otker 
Âde. But as the supporters ck must necessarily be longer 
than the others pl, that the line en may have the inclinik 
Ibn which is necessary to cause the quicksilver to flow bf 
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the small groove ff^ from the one receptacle to the otber^ 
the base must make a jump double in height to the differ* 
eoce of these supporters; otherwise the line f/, instead 
of .assuming a horizontal position, would remain inclined 
in a direction contrary to that which it ought to have. 

The machine having then attained to the situation di«| 
fig. 49 n*. 3y and the quicksilver having passed into the 
receptacle on the side c ; it is evident that the same me- 
dianism which will raise it up, by making it turn round 
1^1^, point Cy will overturn it on the other side, where the 
two supporters, which revolve round the axis c, present it 
a base: this will make it resume the position of fig* 49 
B^ 2 : and so on. Hence this motion will be perpetualu 
as long as the machine meets with steps hke the first* 
• Bemabks. — Some particular conditions are required in 
order that the supporters of the small figure, that is, its 
legs and arms, may present themselves in a proper manner, 
to- keep it in the position in which it ought to be. 

1st. It is necessary that the great supporters, or legs, 
when they have arrived at that point at which the figure, 
after having thrown itself topsy turvy, rests upon them, 
«hç^ld meet, with some obstacle, to prevent them or the 
%ure Jfrom turning any more : this may be done by two 
imall pegs, which meet a prolongation of the thighs* 

2d. While the figure is raising itself on its legs, it is 
necessary that the arms should perform, on their axis, a 
semi^revolution ^ that they may present themselves per- 
fèddicular to the horizon, and in a firm manner, when 
the 'figure throws itself backward. This may be accom- 
iplisbed by furnishing the arms of the figure with two small 
imUeys, concentric to the axis of the motion of these arms, 
which are conveyed two silk threads, that unite under 
bolly of the figure, and are fixed to a small cross bar^ 
^Soimiig the thighs towards the middle: this will greatly 
contribate to their stability. These threads must b^ 
inig^MiMid, JOt shortenedy tUl this semi*revolutioQ of the 
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anns is exactly perfonned; and until tbe figure, when 
placed on its four supporters, with its face turned either 
up or down, does not waver; which it would do if these' 
mippofters were not bound together in this manner; and 
if the large ones, or legs, did not meet with an obstacle to 
|ri^event them from inclining any farther. 

PROBLEM XLVII. 

To arrange three sticks j on a horizontal plane, in such m 
manner , that while the lower extremities of each rest mi 
that plane J the other three shall muttuUfy support each 
other in the air. 

* This depends merely on a little mechanical address^ and 
may i>e performed in the following manner. 
' Take the first stick ab (fig. 50 pi. 11), and rest the end 
A on the table, holding the other raised up, so that the 
stick shall be inclined at a very acute angle, f^lace above 
it the second stick, with the end c resting on the table. 
And then dispose the third stick ef, in such a manner,^ 
that while the end £ rests on the table, it shall pass below 
the stick ab, towards the upper end b, and rest on the 
'stick ci>. These three sticks, by this arrangement, will 
b6 ^o connected with each other, that the ends B, b and f 
will necessarily remain suspended, each supporting the 
t)ther. 

PROBLEM XLVIII. 

To construct a cask, into which if three different kinds of 
Uqu^or be poured, they can be drawn off at pleasure by ik^ 
same cock, without being mired. 

For this purpose, tbe cask must be divided into three 
partitions, or cells, a, b, c, (fig. 51 pi. 11), intended to 
contain the three different liquors ; such as red wine, whitt 
wine, and water ; which may be introduced each into iàà 
proper cell, by the same bung, in the following maaneB»: 

In constructiog the cask, a fumiel d, with ihree pipik 
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àf-Wf O9 each conveyed into its cell, must be fitted into 
the bung; and within this funnel must be placed another 
n, pierced with three holes, which may be made to corre- 
spond, at pleasure, with the apertures of each pipe. If 
each hole, in the interior funnel h, be made to correspond, 
in succession, by turning it, with the aperture of the pipe 
to which it belongs, the liquor poured into the funnel h, 
will pass into that pipe. In this manner each cell may be 
filled with the liquor intended for it, without one of them 
being able to mix with the rest; because when one pipe is 
open, the other two are shut. 

But, to draw ofiF each liquor also, without confusion, at 
the bottom of the cask, there must be three other pipes 
K, hf M, each corresponding to a cell; and a kind of cock 
IN, pierced with three holes, each corresponding to its 
l^pe, that by turning the stopper of the cock i, until one 
ùl these holes is brought opposite to its pipe, the liquor 
of the cell, to which that pipe belongs, may issue alone 
through it. 

PROBLEM XLIX. 

To make a soft body, such as the end of a candle, pierce a 

board. 

Load a musket with powder, and instead of a ball put 
over it the end of a candle; if you then fire it against a 
board, not very thick, the latter will be pierced by the 
capdle-end, as if by a ball. 

The cause of this phenomenon, no doubt, is that the 
rapid motion with which the can^le-qnd is impelled, does 
not allow it time to be flattened, and therefore it acts as a 
hard body* It is the effect of the inertia of the parts of 
niatter, as may be easily proved by experiment. Nothing 
ÎS easier to be divided than water ; yet if the palm of the 
hand- be struck with some velocity against the surface of 
water, a considerable degree of resistance, and even of 
pain^ k experienced from it, as if a bard body had been 
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istrueki. Nar, a musket ball, when fired agunst water ^ is 
Tepelled by it, and eren flattened. If the masket is firéé 
with a certain obliquity, the ball will be refl ect ed ^ aad 
after this reflection is capable of killing any penoofy^m 
may be in its way* This ariws from a certain time bcâng 
necessary to commumicate to any body a sensible motion; 
When a; body then moving with great velocity, meets witk 
another «rf a sise much more considerable, it experiences 
almost as muéh resistance as if the latter were fixed. "^ 

.. - . • -T 

PROBLEM L* 

To break a Ukkj plated am two drinking glasses^ iysiribmg 
it with entier ^stick, and without breaking the glmsoié '-* 

We give this problem^ and the solution of it, merdy 
because^t is found iti all the editions of the IMbthenAiticifl 
Hécreatîons ; but, to speak the truth, those who âttèmi(Mk 
td perform it, ought to supply themselves with pletity dH 
' jgl&sses. However, the solution of it^ whether real of Saisie, 
is as follows. 

The stick, intended to be broken, must neither be thick, 
nor rest with any great hold on the two glasses. Both its 
extremities must bé made to taper to a point ; and it 
ought to be of as uniform' a size as possible, in order that 
its centre of gravity, which in this case will be in the 
middle, may be more easily known. 

The stick, supposed to possess all the above propertieé^ 
must be placed with its two extremities resting on the 
^ges of the glasses, which ought to be perfectly levef^ 
that the stick may remain horizontal, and not inclined to 
one side more than another. Care also mtist be taken tllat 
the points only shall rest lightly on the edge of each glass. 
If a speedy and smart blow, but proportioned, as far as 
can be judged, to the size of the stick and the dbtance of 
the glasses, be then given to it in the middle, it will break 
in two, without either of the glasses being injured. 

Rem ARK.— We are far from warranting the certainty 
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of this effact : for^ in our opinion, those who try the ex* 
périment, will break many glasses before they break the 
êlkk. There is however a phyncal reason, which renders 
the success possible ; and this reason is the same as that 
which causes a musket baU to pierce a weather-cock, or a 
door moveable on its hinges. The stick indeed, when 
struck in the middle with a smart and sudden blow, caiu 
not, oin account of its mass, immediately acquire that 
mMion necessary to yield to the impetuosity of the blow : 
it b strongly retained, as it were, by its extremities; and 
in that case will assuredly be broken. We must however 
repeat, that we would not advise any one to try the ex- 
perânent, unless furnished with plenty of glasses. 

It might be tried however, in a manner less expensive. 
Iff tnaking the extremities of the stick, destined to be 
I»ok^, to rest on two small bits of wood, fixed perpen* 
cGcilllùrly on a stool or board. A person, after being 
ezerciBcdin this manner, might perform the experiment 
with all that appearance of the marvellous, which it ac« 
qirâas when the stick is made to rest on two glasses. 

. , PROBLEM LI. 

On iie principles bj/ which the possible effect of a machine 

can be determined. 

It is ctistomary for quacks, and those who have not a 
sufficient knowledge of mechauics, to ascribe to machines 
l^ddigious effects, hx superior to such as are consistent 
with the prineiples of sound philosophy. It may therefore 
he, of otiHty to explain here those principles by which we 
Wght to be guided, in order to form a rational opinion, 
respecting any proposed machine. 

Whatever may be the construction of a machine, even 
•opposing it to be mathematically perfect, that is imma* 
teria) mud without friction, its effect, that is to say, the 
weight put in motion, multiplied by the perpendicular 
he^^ té' wUdi it inay be raised, in a determinate time, 



80 THE EFFECT OF Hf ACHII^ES* 

cannot ei^ceed the product of the moving power, inula* 
plied by the space it passes over in the same time. Coiw 
sequentty) nnce every machine is material, and as it is tm» 
possible to get entirely rid of friction, which will neces* 
sarily destroy a part of the power, it is evident that the 
first product will always be less than the latter. Let m 
apply this to an example. 

Should a person propose a machine, which by die 
strength of one man applied to a crank, or the lever of a 
capstan, shall raise in an hour 3500 gallons of water,' to 
the height of 24 feet ; we might tell him, that he was igUo^ 
rant of the principles of mechanics.* 

For the strength of a man applied to a crank, or to dtWdf 
or push any weight, is only equal to about 26 or 2S pounds^ 
with a velocity at most of 11000 feet per hour; and hé 
could labour no more than 7 or 8 hours in succesflon* 
Now, as the product of 11000 by 28 is 308000, if thb pro* 
duct be divided by 24^ the height to which the water is to 
be raised, the quotient will be 12833 pounds of wàter^ or 
206 cubic feet s 1540 gallons raised to that height; which 
makes about 60 gallons, per minute, to the height of 10 
feet. This is all that could be produced by such a power 
in the most favourable case. But the more complex the 
machine, the greater is the resistance to be surmounted ; 
so that the product would never be nearly equal to the 
above effect. 

In a machine, where a man should act by his own weig^t^ 
and in walking, the advantage would not be much greater; 
for all that a man could do by walking, without any othetf 
weight than that of his body, on a plane inclined at ao 
angle of 30 degrees, would be to pass over 6000 feet per 
hour, especially if he had to walk in this manner for 7 or 
S hours. But here it is the perpendicular height aloneg 
which in this case is 3000 feet, that is to be considered : 
the product of 3000 by 150 pounds, which is the avera;g« 
weight of a man, is 450000; the greatei^ efiect therefore^ 
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df soeh a machiney would be 450000 pounds, raised to thé 
height of one foot^ or 18750 to the height of 24 feet, or 
about 90 gallons, per minute, to the height of 10 feet. Bj 
taking an arithmetical mean between this determination 
and the preceding, it will be found that the mean product 
possible of the strength of a man, employed to put inf 
motion a hydraulio machine, is at most 75 gallons per 
minute; especially if continued for 7 or 8 hours in the 
day. 

If the power were to act only for a very short time, as 
3, 4, or 5 minutes, the product indeed might appear more 
considerable, and about double. This is one of the arti- 
fices employed by mechanicians, to prove the superiority 
of their machines. They put them in motion for some 
mmutesy'by vigorous people, who make a momentary 
effort, and thus cause the product to appear much greater 
than it really is. 

The above determination agrees pretty well with that 
given by Desaguliers in his Treatise on Natural Phi- 
losophy: for he assured himself, he says, by calculation, 
that the effect of the simplest and most perfect machines, 
put in motion by men, never gives, in the ratio of each 
man, above 72 gallons of water per minute raised to the 
bdght of 10 feet. 

A dircumstahce, very necessary to be known in regard 
to machines which are to be moved by horses, is as follows : 
a horse is equal to about seven men*, or can make an effort 
in a horizontal direction of 210 pounds, moving with the 
Telocity of 10000 or 11000 feet per hour, supposing he is 

* C Régnier, în hit description of the Dynanometer, an instrament in- 
irented by iiim for the purpose of deteimining the relative strength of men 
^Bd horsei^ published in the Journal de l'Ecole Polytechnique, vol. 8. p. 160, 
■ttys, thai from the result of all his expérimenta it appears, that the mean 
tentt oftl^ maximum of the stren^h of ordinary men, to raise a weight, îê 
^k^KwotSSS pounds averdupois; which agrees with the experiments of Delà- 
lilre, but wbich Desaguliers considered as too small. In regard to horses, 
lie says, that by taldng the mean results given by 4 hottes, of tht middle 

VOL. U. ^ 
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to work B or 10 hours per day. Desaguliers even gives 
less, and thinks that the force of a man is to be only quin- 
tupled to find that of the horse. 

Those who are acquainted with these principles, will 
run no risk of being deceived by ignorant or pretended 
mechanicians ; and it is no small advantage to be able to 
avoid becoming the dupe of such men, whose aim is ofbi^n 
to pick the pockets of those who are so simple as to listeo 
to them. 

PBOBLEM LII. 

Of the Perpetual Motion. 

The perpetual motion has been the quicksand of me* 
chanicians, as the quadrature of the circle, the trisection of 
an angle, &c, have been that of geometricians: and as 
those who pretend to have discovered the solution of the 
latter problems are, in general, persons scarcely acquaint- 
ed with the principles of geometry, those who search for, 
or imagine they have found, the perpetual motion, are 
always men to whom the most certain and invariable truths 
in mechanics are unknown. 

sicci subjected to trial one after the other, the strength of ordinary hones 
may be estimated at 794 pounds averdnpois. ' - • 

In comparing the relative force of men with that of horses» when the 
former draw a cart or a boat by the help of a rope, after Tartoos trials^ be 
found that the maximum of the strength of ordinary men, in dragging a 
horizontal weight, by the help of a rope, is equal to 110 pounds averdopola, 
and that of the strongest does not exceed 132 pounds averdupois. These 
different trials agree pretty weU with the general received opinion, that a 
horse is 7 times as strong as a man. This principle, however^ eapnot be mU 
mitted in all cases; for it is known by experiment that a horse would sitik 
under a burden, 7 times as heavy as that which a man can. support wbea 
itanding upright. It may readily be conceived that what has been here said 
respecting men and horses, is not applicable to daily and incessant labour; 
hot we may deduce from it this very just consequence, that both can act for 
a whole day, when employing a 5th of their absolute forces. Acootding to 
the above results therefore, the power which an ordinary man can exert for 
si continuance in dragging or pulling, is equal to no more than about 3d 
pounds, and that of the strongest to about 26 pounds. 
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It may be demonstrated indeed, to all those capable of 

reuoning in a sound manner on those sciences, that a 

perpetual motion is impossible: for, to be possible, it is 

necessary that the efiect should become alternately the 

cause, and the cause the e&ct. It would be necessary, 

for example, that a weight, raised to a certain height by 

another weight, should in its turn raise the second weight 

to the height from which it descended. But, according to 

the laws of motion, all that a descending weight could do, 

in the most perfect machine which the mind can conceive, 

is to raise another in the same time to a height reciprocally 

proportional to its mass. But it is impossible to construct 

'a macbine in which there shall be neither friction nor the 

Tendance of some medium to be overcome ; consequently» 

at each alternation of ascent and descent, sobie quantity of 

motion, however small, will always be lost : each time 

^leréforeçthe weight to be raised will ascend to a less 

hô^^t ; and the motion will gradually slacken, and at length 

ceaie entirely. 

.' A moving principle has been sought for, but without 

success, in the magnet, in the gravity of the atmosphere, 

and in the elasticity of bodies. If a magnet be dbposed 

in such a manner as to facilitate the ascension of a weight, 

it will, afberwards oppose its descent : Springs, after being 

unbolt, require to be^ bent by a new force equal to that 

vânch they exercised ; and the gravity of the atmosphere, 

after forcing one side of the machine to the lowest point, 

must be itself raised again, like any other weight, in order 

to continue its action. 

; ' We shall however give an account of various attempts 

to obtain a perpetual motion, because they may serve to 

show how. much some persons have suffered themselves to 

be deceived on this subject. 

• Fig. 62 pi. 12, represents a large wheel, the circumfer- 

eriee of which is furnished, at equal distances, with levers, 

g2 
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each bearing at its extremity a weight, and moTeable ob a 
binge, so that in one direction they can rest upon the ctrt 
cumference, while on the opposite side, bein^ carrie4 
away by the weight at the extremity, they are oblige4 ta 
arrange themselves iti the direction of the radius coii« 
tinned. This being supposed, it is eirident that when Ûm 
wheel turns in the direction a è €, the weights a» b and G 
ivill recede from the centre; consequently,, as they aet 
with more force, they will carry the wheel towards that 
aide; and as a new lever will be thrown out, in proportion 
as the wheel revolves, it thence follows, say they, that thé 
wheel will continue to move in the same direction. Biit| 
notwithstanding thé specious appearance of this reàsoning^ 
experience has proved that the machine will not gor and 
it may indeed be demonstrated that there is a certain 
position^ in which the centre of gravity of all these weights 
is in the vertical plane passing through the pctint of snài 
penÂoû, and that therefore it must stop. 

The case is the same with the following machine», which 
it would appear ought to move also incessantly. In a 
cylindric drum, in perfect equilibrium on its aads, axe 
formed channels a« seen in 6g. 53, which contain bails c£ 
lead» <^ a certain quantity of quicksilver. In consequence 
of this disposition, the balls or quicksilver must, on the 
one side, ascend by approaching the centre ; and on the 
other must roll towards the circumference. The machine 
then ought to turn incessantly towards that side. 

A third machine of this kind is represented fig. 54. It 
consists of a kind of wheel formed of six or eight amiSf 
proceeding from a centre, where the axis of motion is 
placed. Each of these arms is furnished with a receptacle 
in the form of a pair of bellows ;^ but those on the opposite 
arms stand in contrary directions, as seen in the figure» 
The moveable top of each receptacle has affixed to it a 
weight, which shuts it in one situation and opens it in ths 
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otbier. In the last place, the bellows of the opponte arms 
hare a communication by means of a canal, and one of 
them is filled with quicksilver. 

, These things being supposed, it is visible, that the beU 
lows on the one side must open, and those on the other 
most shut ; consequently the mercury will pass from the 
larter into the former, while thecon^iury will bç the cupe 
on the opposite side. 

Kt might be difficult to point out the deficiency of this 
noasoning ; but those acquainted with the true principles 
of mechanics will not hesitate to bet a hundred to one that, 
the machine, when constructed, will not answer the in* 
tbnded purpose. 

The description of a pretended perpetual motion, ia 
wUch bellows, to. bo alternately filled with and emptied of 
quicksilver, were employed, may be seen in the Journal 
des Sçavans for 1685* It was refuted. by Bernoulli, and 
some others, and it gave rise to a long dispute. The best 
method, which the inventor could have employed to defend 
his invention, would have'been to construct it, and show 
it in motion ; but this was never done. 

We shall here add another curious anecdote on this snb-i 
ject. One Orfyreus announced, at Leipsic, in the year 
1717, a perpetual motion, consisting of a wheel, which 
would continually revolve. This machine was constructed 
for the landgrave of Hesse-Cassel, who caused it to be shut 
up in a place of safety, and the door to be sealed with his 
own seaK At the end of 40 days, the door was opened, 
and the machine was found in motion. This however af- 
fords no proof in favour of a perpetual motion ; for as 
clocks can be made to go a year without being wound up, 
Orfjrreus's wheel might easily go 40 days, and even more* 

The result of this pretended discovery is not known : 
we are informed, by one of the journals, that an English- 
man bfifered 80000 crowns for this machine ; but Orfyreus 
refused to sell it at that price ; in this he cert;ainly actçd 
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wrongs as there is reason to think that he obtakied by h\s ' 
invention, neither money, nor even the honour of having 
dbcovered the perpetual motion. 

The Academy of Painting, at Paris, possessed a clock, 
which had no need of being wound up, and which might 
be considered as a perpetual motion, though it was not so.' 
But this requires some explanation. The ingenious author- 
of this clock employed the variations in the state of the 
atmosphere, for winding up his moving weight : various 
artifices might be devised for this purpose ; but this is no- 
more a perpetual motion, than if the flux and reflux of the 
sea were employed to keep the machine continually going ;i 
for this principle of motion is exterior to the machine, and 
forms no part of it. 

But enough has been said on this cUmera of mechanics.' 
We. sincerely hope that none of our readers will ever lose> 
themselves in the ridiculous and unfortunate labjnrinth of 
such a research. 

To conclude, it is false that any reward has been pro* 
mised by the European powers to the person, who shall 
discover the perpetual motion; and the case is the. same 
in regard to the quadrature of the circle. It is this idea, 
no doubt, that excites so many to attempt the solution of 
these problems; and it is proper they should be un- 
deceived. . . 

FBOBLBM LIII. < 

To determine the height of the arched ceiling of a churchy . 
by the vibrations qf the lamps stupendedfrom it. 

For this invention we are indebted, it is said, to Gallileo,' 
who first ascertained the ratio of the duration of the a^ 
cillations made by pendulums of different lengths^. But 

* Indeed, it ttems it was bj that author accidentally obsenring the uni- 
formity in the intervals of the swing of the suspended Umps, that he first «^ 
took the hint of employing the oscillations of pendulous hodies, or pe»- 
dnlums, for the' purpose of neasuriiig time. And hence the inventioa sf 
pendulum clocks. 
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in order that this method may have a certain degree of ex- 
actoessy the weight of the lamp ought to be several times 
greater than that of the cord by which it is supported. 

This being supposed, put the lamp in motion by re- 
moving it a very little jfrom its perpendicular directipn, 
or carefully observe that communicated to it by the air, 
whch is very common ; and with a stop-watch find bow 
many seconds one vibration continues, or, if a stop-watch 
is not at hand, count the number of vibrations performed 
in a certain number of minutes : the greater the number 
of minutes, the more exact will the duration of each 
vibration be determined ; for nothing will then be neces- 
sary, but to divide those minutes by the number of vibra- 
tions, aiid the quotient will be the duration of each in 
Binutes or seconds. 

We ahall here suppose that it has been found, by either 
of these methods, that the time of each vibration is 5^ se- 
conds ; square' 5^, which is 30^, and multiply by it S9-^ 
inches, the length of a pendulum that swings seconds in 
the latitude of London, the product will be 98 ft. 7 inc. 
6iin./ which will be nearly the height from the point of 
siispenaion to the bottom or rather centre of the lamp. 

If the distance from the bottom of the lamp to the pave- 
ment be then measured, which may be done by means of 
a stick, and added to the former result, the sum will give 
the height of the arch above the pavement. 

This solution is founded on a property of pendulums, 
demonstrated in mechanics ; which is, that the squares of 
the times of the vibrations are as the lengths; so that a 
pendulum 4 times the length of another, performs vibra- 
tions which last twice as long. 

But on account of the irregular form of the lamp, and 
the weight of the rope, which sustains it, we must confess 
that this method is rather curious than exact. We shaljl 
however (present the reader with another problem of the 
samekind. 



S4 SBFTHS BT PEKDULUICS; 

PROBLEM LIV. 

lb fM/^fêfttre tkeiepth of a welly by the time elapsed between 
ikn QQHKmencemerU of t/te fall of a heavy body^ and that 
mkm Ac sound of its fall is conveyed to the ear. 

Have io readiness a small pendulum that swings half 
•aconds, that is, 9|4 inches in length, between the centve 
cf the ball, and the point of suspension. You must abo 
wnploy a weight of some substance as heavy as posûble, 
mich for example as lead ; as a common stone or pebble 
experiences a considerable retardation in falling, and thera» 
•fore would not answer the purpose so well. 
■ - Let go the weight and the ball of the pendulum at Ibe 
same moment of time, and count the number of the vibrât 
tions the latter makes, till the moment when you hear the 
sound. We shall here suppose that there were 10 yibra* 
tions, which make 5 seconds. 

• As a heavy body near the earth^s surface falls about 
l6i^ feet in one second of time, or for this purpose 16 feet 
will be exact enough ; and as sound moves at the rate 
of 1142 feet per second ; multiply together 1142, 16 aïûl 
5, which will give 91d60, and to four times this product, W 
365440, add the square of 1142, which is 13041 64, and the 
mim will be 1 669604 ; then if from the square root of the last 
number =: 1292 the number 1142 be subtracted, aie re» 
mainder 150 divided by S2 will give 4*69 for the number 
of seconds which elapsed during the fall of the body ; if 
this remainder be subtracted from 5, the number of se- 
conds during which the body was falUng and the soarid 
returning, we shall have 0*31 for the time which the souBi) 
alone employed before it reached the ear ; and this num- 
ber multiplied by 1142, will give for product 854 feet =s 
the depth of the well. 

This rule, which we must allow to be rather coûiplex, 
is founded on (he property of falling bodies, wUch àre('aie« 
celerated in the ratio of the times, so that the spaces pMied 
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over increase as the squares of the times *. But as the 
resistance of the air, which in considerable beiglits, such 
as those of several hundred feet, does not fail to retard the 
fell in a sensible manner, has been neglected, the case of 
this problem is nearly the same as with the preceding | that 
is to say, the solution is rather curious than useful. 

• 

* For the sake of our algebraical readers we shall here show how to find the 
fbnniila from which the above rule is deduced : Let a* 5, Aalô^, €^ll¥tp 
aod let t be the time which the body employs in falling» oon«eqaently a— c 
vill be the time of the sound returning. Then as 1* : i : : s* : 6 «* ■> depth 

of the^ell; and* t : r : : a— a? : ut^ex « depth of the weH also; therefore 

• e ra 

ic*«>ca-» ex, and by transposition and division, x^+rr xwm--^. Completing 

b 

■ € £• €a c* 4Z'Cfl + c* „ e ^y^beU'é'Ct 

aa«--v/îî^-^-^ii^i^±^-««rty-T2^ the th». of 

descent. Consequently a— -r — ■■ > is nearly the time of the sound's 

ûki-e uh-i-c 

Hanoe^ hum the expression — — — a ninch simpler rule is obtained for 

the tioMOfthe descent, which is as follows: Multiply 1143 by 5, which 
gives f(Mr|irodact 5710 ; then multiply also 16 by 5'which gives 80, to which 
add il4S^ this gives 1SS9, by which sum divide the first product 5710, and 
tHe qnotieiit 4*68 will be the time of descent, nearly the same as before^ 
Watakeo from 5 leaves 0*32 for the time of the ascent ; which mQltiplie4 
llf J148y gives 3fi5 for the depths diiSering but little from the former more 
•lact nniDber» 
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Historical account of some extraordinary and celebrated fne^ 

chanted works. 

An essential part might seem wanting to this work if we 
neglected to give some account of the various machines, 
most celebrated both among the ancients and moderns. 
We shall therefore take a cursory view of the rarest and 
most singular inventions, produced by mechanical genius, 
in different ages. , 

§ I. Of the machines or automatons of Archytas^ Archi- 
medes, Hero and Ctesibius. 

Some machines of this kind are mentioned in ancient 
history, in terms of the utmost admiration. Such were 
the tripod automatons of Vulcan ; and the dove of Ar- 
chytas, which, as we are told, could fly like a real animal. 
We have no doubt however, that the wonderful properties 
of these machines, if they ever really çxisted, have been 
greatly exaggerated by credulity ; and by the accounts of 
them' being handed down through such a long series of 
ages. We are told' also of the moving sphere of Archi- 
medes, in which, as appears, that celebrated philosopher 
had represented all the celestial motions, as they were 
then known ; and this, no doubt, was a master-piece of 
mechanism for that remote period. Every one is ac* 
quainted with the famous verses of Claudian on this 
machine. 

Several wonderful machines were constructed also by 
Hero and Ctesibius of Alexandria. An account of some 
of those invented by Hero may be seen in a book called 
Spiritalia. Some of them are very ingenious, and do 
honour to the talents of that mechanician. 

§ IL Of tJie machines ascribed to Albert the Great , and to 
* Regiomontanus. , 

That ignorance, in the darkness of which all Europe was 
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involved^ from the 6th or 7th century to the 15th, did not 
entirely extinguish mechanical genius. We are told that 
the embassadors sent by the king of Persia to Charlemagne 
brought^ as a present to the latter, a machine, which, ac« 
cording to the description given of it, would have done 
honour to our modern mechanicians; for it appears to 
have been a striking clock, which had figures that per* 
formed various movements. It is indeed true that, while 
Europe was immersed in ignorance, the arts and sciences 
diffused a gleam of light among the nations of the East. In 
regard to those of the West, if we can believe what is re- 
lated of Albert the Great, who lived in the 13th century, 
that mathematician constructed an automaton in the human 
form, which when any one knocked at the door of its cell, 
came to open it, and sent forth some sounds, as if address- 
ing. the person who entered. At a period later by some 
centuries, Regiomontanus, or JohnMuller of Konigsberg, 
a bélebrated astronomer, constructed an automaton in the 
figure of a fly, which walked around a table. But these 
accounts are probably very much disfigured by ignorance 
andicredulity. The following however are instances of 
mechanical skill, in which there is much more of reality. 

§ III. Of various cdehrated Clocks. 

In the 14th century, James Dondi constructed for the 
city of Padua a clock, which was long considered as the 
wcHider of that period. Besides indicating the hours» it 
i^resented the motion of the sun, moon, and planets, as 
well as pointed out the different festivals of the year. On 
this account, Dondi got the surname of Horologio, which 
became that of his posterity. A little time after, William 
KeJandiu constructed, for the same city, one still more 
tNmplex.; which was repaired in the 16th century by 
iaa^lus.Turrianus, the mechanician of Charles the 5th. 
^iBiit(tlie most celebrated works of this kind are: the clocks 
t)f Uie cathedrals of Strasburgh and Lyons. That of Stras*» 
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burgh WHS the work of Conrad Dasy podius, a mathediaticiao 
of that city, who lived towards the end of the 16th century^ 
and who finished it about the year 1573. It is considered 
as the first in Europe. Ât any rate there is none but that 
af Lyons which can dispute pre-eminence with it, or be 
compared to it in regard to the variety of its effects. 
. The face of the basement of the clock of Strasbnrgfa 
exhibits three dial-plates; one of which is round, and coo* 
sists of several concentric circles ; the two interior ones of 
which perform their revolutions in a year, and serve to 
mark the days of the year, the festivals, and other circom» 
stances of the calendar. The two lateral dial-plates are 
square, and serve to indicate the eclipses, both of the sun 
i^nd the moon. 

Above the middle dial-plate, and in the attic space of tbe 
basement, the days of the week are represented by difiisrent 
divinities, supposed to preâde over the planets from which 
their common appellations are derived. The divinity of the 
current day appears in a car rolling over the clouds, and 
at midnight retires to give place to the succeeding one. 

Before the basement is seen a globe, borne on the wings 
of -a pelican, around which the sun and moon revolved ; 
and which in that manner represented the motion of these 
planets ; but this part of the machine, as well as several 
others, has been deranged for a long time. 

The ornamented turret, above this basement, exhibits 
chiefly a large dial, in the form of au astrolabe ; which 
shows the annual motion of the sun and moon through die 
ecliptic, the hours of the day &c. The phases of the moon 
are seen also marked out on a particular dial-plate above; 
...This work is remarkable also for a considerable assem- 
blage of bells and figures, which perform different motioi^ 
Above the dial-plate last mentioned, for example, the four 
ages of man are represented by symbolical figures : one 
passes every quarter of an hour, and marks the qnavter 
bjr striking on small belb ; these figures are followed bj 
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(fleatib, who is expelled by Jesus Christ risen from tbè 
grave; who however permits it to sound the hour, in 
order to warn man that time is on the wing. Two small 
angels perform movements also ; one striking a bell with 
a sceptre^ while the other turns an hour-glass, at the ex^ 
piration of an hour. 

In the last place, this work was decorated with various 
animals, which emitted sounds, similar to their natural 
voices ; but none of them now remain except the cock^ 
which crows immediately before the hour strikes, first 
stretching out its neck and clapping its wings. The voice 
of this figure however is become so hoarse as to be much 
less harmonious than the voice of that at Lyons, though 
the latter is attended, in a considerable degree, with the 
same defect. It is to be regretted that a great part of this 
machine is entirely deranged. It would be worthy of the 
illustrious metropolitan chapter of Strasburgh to cause it 
to be repaired : we have heard indeed that it has been at« 
tempted ; but that no artist could be found capable of per* 
forming it. 

The clock of the cathedral of Lyons is of less size tbaa 

that of Strasburgh ; but is not inferior to it in the variety 

of its movements ; and it has the advantage also of being 

in a good condition. It is the work of Lippius de Basle, 

and was exceedingly well repaired in the last century by aA 

ingenious clock-msdiLer of Lyons, named Nourisson. Like 

that of Strasburgh, it exhibits, on different dial-plates, the 

annual and diurnal progress of the sun and moon, the days 

of the year, their length, and the .whole calendar, civil as 

^ell as ecclesiastical. The days of.the week are indicated 

by symbols more analogous to the place where the clock 

is erected ; the hours are announced by the crowing of the 

.<ock, three times repeated, after it has clapped its wing^, 

sind made various other movements. When the cock has 

done crowing, angels appear, who, by striking various 

1>ells, perform the air of à hymn; the'annuDàia>ti(Hi o£the 
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Virgin is represented also by moving figures, and by the 
descent. of a doye from the clouds; and after this me- 
chanical exhibition, the hour strikes. On one of the sides 
of the clock js seen an oval dial-plate, where the hours and 
minutes are indicated by means of an index, which lengthy 
ens or contracts itself, according to the length of the semi- 
diameter of the ellipsis over which it moves. 

A very curious clock, the work of Martinet, a celebrated 
clock-maker of the l7th century^ was to be seen in the 
royal apartments at Versailles. Before it struck the hour, 
two cocks on the corners of a small edifice crowed alter* 
nately, clapping their wings ; soon after two lateral doors 
of the .edifice opened, at which appeared two figures bear- 
ing cymbals, beaten on by a kind of guards with cliibs. 
When these figures had retired, the centre door was thrown 
open^ and a pedestal, supporting an equestrian statue .of 
Louis 14th, issued from it, while a group of clouds sepa- 
rating gave a passage to a figure of Fame, which came and 
hovered over the statue. An air was then performed by 
bells; after which the two figures re-entered;, the two 
guards raised up their clubs, which they had lowered as if 
out of respect for the presence of the king, and the hour 
was then struck. Though all these things are easy for in- 
genious clock-makers of the present day, when we come 
to treat of Astronomy, we shall give an account of some 
maohiues of this kind, purely astronomical, which, do ho- 
nour to the inventive genius of those by whom they were 
constructed. 

§ IV. Automaton machines of Father Truchet^ M. CamuSf 

and M. de Vaucanson. 

Tçwards the end of the 17th century. Father Truchet, 
of the royal Academy of Sciences, constructed for the 
amusement of Louis 14tb, moving pictures, which were 
considered as very remarkable master pieces of mechanics. 
One of these pictures^ which that monarch called his little 
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opera, represehteSi an opera of fire acts, and changed the 
decorations at.ttie commenGement of each. The actors 
performed their parts in pantomime. The representation 
could be stopped at pleasure ; this eflect was produced bj 
letting go a catch, and by means of another the scene could 
be made to re«commence at the place where it had been 
interrupted. This moving picture was 16 inches and a 
half in breadth, 13 inches 4 lines in height, and 1 inch 3 
lines th thickness, for the play of the machinery. . An ac^ 
count of this piece of mechanism may be found in the 
eulogy on. Father Truchet, published in the Memoirs of 
the Academy of Sciences, for the year 1729. 

. Another very ingenious machine, and in our opinion 
much more difficult to be conceived, is that described by 
M. Camus, a. gentleman of Lorrain, who says he con* 
^tmcted it for the amusement of Louis 14th, when a child. 
It consisted of a small coach drawn by two horses, in which 
was the figure of a lady, with a footman and page behind. 
If we can give credit to what is stated in the work of 
M. Camus, this coach being placed at the extremity of a 
table of a determinate size, the coachman smacked his 
wlttp, and the horses immediately set out, moving their 
hgs ia the same manner as real horses do. When die car- 
Q8ge reached the edge of the table, it turned at a right 
angle, and proceeded along that edge. When it arrived- 
opposite to the place where the king was seated, it stopped, 
and the page getting down opened the door, upon- which 
iibe lady alighted, having in her hand a petition which she 
pi^esented with a curtsey. After waiting some time, she 
^gain curtsied, and re-entered the carriage ; the page then 
resumed his place, the coachman whipped his horses, which 
began to move, and the footman, running after the carriage, 
jumped up behind it. 

. It is much to be regretted that M. Camus, instead of 
confioing himself to a general account of the:mechaaism, 
wJ^Qh he employed to produce these effects, did not enter. 
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into a more minute description ; for, if theyare trae, it 
must have required a very singular artifice to producai 
diem, and the same means might be applied to machines 
of greater utility. 

About 30 or 35 years ago, three very curious machine» 
vere exhibited by M. de Vaucanson, viz, an automaton^ 
flute-player, a; player on the flageolet and tambourine, ami 
an artificial duck. The first played several airs on the 
flute, with a precision greater perhaps than was ever aW 
tained to by the best living player, and even executed thm 
tonguing, ^hich serves to distinguish the notes. Accord«» 
ing to M. de Yaucanson, this part of the machinery cost 
bim the greatest trouble. In short, the tones were really 
produced in the flute by the proper motion of the fingers. 
The player on the flageolet and tambourine, performâdl 
also some airs on the first of these instruments, and at the» 
same time kept continually beating on the latter. 

. But the motion of the artificial duck, in oujc H>pimoii^ 
was still more astonishing ; for it extended itç neck, «used 
up its wings, and dressed its feathers with its bill .; it picked^ 
up barley from a trough, and swallowed it ; drank froios^ 
another, and, after various other movements, voided somer 
matter resembling excrements. The first time I saw thes» 
machines I immediately discovered some of the artifice» 
employed in regard to the two former, but I confess that* 
the latter baffled my penetration* / ' 

. We have also of late been amused, by M. Droz and Mi^ 
Maillardet, 8cc, with the surprising performances of Ûm 
chess-players, the small but sweet singing-bird, the writing; 
figure, the musical lady, «the conjurer, the tumbler^* 
&c, 8lc. 

%y. Of the Machine at Marly. 

It will doubtless be allowed, that the machines above 
mentioned are, in general, more curious than useful; but 
there are other two, the celebrity ^nd utility .of which re-»' 
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tptïre that we should here give them a place. These are 
tbe machine of Marly, and that known under the name of 
the steam engine. We shall begrin with the former, of the 
construction and effects of which the following brief de- 
scription will give some idea. 

The machine of Marly consists of 14 wheels, each about 
96 feet in diameter, moved by a stream of water, confined 
by an estacade, and received into so many separate chan- 
nels. Each wheel has at the extremities of its axis, two 
cranks, and this forms 28 powers, distributed in the follow- 
ing manner. 

It must however be first observed, that the water is 
raised, to the place to which it is to be conveyed, by three 
diflfbrent stages; first from the river to- a reservoir, at the 
elevation of 160 English feet above the level of thé Seine i 
then to a 'Second reservoir 346 feet higher; and from the 
latter to the ^mmit of a tower, somewhat more than 533 
feet abdve the river. 

Of tbé ^8^ cratnks, above mentioned, 8 are employed to 
give tinotion to 64 pumps; which is done by means of 
working beams, having 4 pistons at each extremity, of their ' 
arms : this makes 8 to each working beam, which are drawn 
up and pushed down alternately. These 64 pumps force 
up the water to the first reservoir ; and this reservoir fur- 
nishes water to the first well, on which is established' the 
second set of pumps. 

"Eleven more cranks are employed to force the water 
from' the first well to the second reservoir, 'fhis is done 
by means df loiig arms adapted to these cranks, which 
move large frames, to one of the^rms of which are at- 
tached strohg iron chains,' that extend firom the bottom of 
the mountain to the first welt. These chain», called che- 
TàletB, are formed of parallel bars of iron, the extremities 
«f which are bound together *by iron bolts, and are sup. 
ported at certain intervals by transversal pieces of wciod, 
vMivèablé ofi an ^ axis, tllat ptifsses through the middle of 
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ncb ; fo that when the upper bar of irou^ for example^ jp 
drawn down by the ]ower end, all these j^ieces of wqq4 
incline in one direction, and the lower part moves back^ 
wards and pushes in a direction contrary to the upper <km^ 
These bars or chains serve to put in motion the working 
beaoisy or squares^ and the latter move the pistons of 80 
sucking and forcing pumps, which raise the water frooi 
the first well to the second reservoir. 

In the last place, 9 other cranks, by a similar mechacusm^ 
pat in motion those chains, called the grands chevalets 
which move the pumps of the second well, and raise Û^ 
water froos it to Uie summit of the. tower. These pumps 
are in number 72. 

Such, in a few words, is the mechanism of the machigf 
of Marly. Its mean product, as said, is from 3pp00 19 
40000 gallons of water, per hour. We make use of tbf 
term mean product, because at certain times it raises 6000^ 
gallons, but only under very favourable circumstancti^ 
During inundations, wheq the Seine is frozen, when the 
water is very low, or when any repairs are making, the 
machinery stops either entirely, or in part. We have read 
that in the year 1685 it raised 70000 gallons per hour; 
but this we can scarcely believe ; if bj^^ that quantity i$ 
understood its mean product ; as it would be above lOCjO 
gallons per minute. 

However this may be, the following calculation is found- 
ed on detaik collected on purpose. The annual expence 
of the machine, including the salaries of those who supevw 
intend it, and the wages of the workmen employed, to- 
gether with repairs, necessary articles, &c, may am^ount to 
about 8300f« sterling, or 9/. per day ; which makes abou^ 
I fiUthing per 90 gallons. But if we take into this account^ 
the interest of the SSSOOOl. which, it is said, were expended 
in the construction of it, 90 gallons will cost 3 halfpence^ 
which is at the rate of a farthing for 15 gallons. This i^ 
veiy fiir from tb^ i^rice whîçb thç Kiiifg 
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he might set on this water ; for that prince, when he pud 
a Tbit to Mariy, in the year 1769» behig astonished, no 
doobt, at the immensity of the machine, the multitude of 
its movcinents, and the number of the workmen it em- 
ployed, be obseryed that the water perhaps cost as much 
as wine. By the above calculation the reader may see 
how hr his majesty was mistaken. 

It is an important question to know, whether the ma- 
chine at Marly could be Amplified. On this subject we 
shall give a few observations, which from some experiments 
made, and a minute examination of the diflerent parts of 
the machine, appear to be founded on probability. 

People in general are surprized that the inventor of this 
machine should cause the water, in some measure, to make 
two rests, b^ore it is conveyed to the summit of the tower. 
b has been humorously said, that he no doubt thought 
the water would be too much fatigued to ascend to the 
perpendicular height of more than 533 feet, all at one 
breath. It is more probable that he thought his moving 
iomt would not be sufficient to raise the water to that 
height ; bot this is not agreeable to theory ; for it is found 
by calculation, that the force of one crank is more than 
sufficient to raise a cylinder of water of that altitude, and 
above 8 inches in diameter. Able mechanicians however 
are of c^nion, that though this.be not impossible, to carry 
it into execution would be attended ivith great inconveni- 
ences, which it would be too tedious to explain. 

But it appears certain at present, that the water might 
be raised in one jet to the second well. This results from 
two eiqperiments, one made in 17S8, and the other in 1775. 
Ill the first, M. Camus of the Royal Academy of Sciences, 
endeavoured to make the water rise in one jet to the tower : 
Ids attempt was not attended with success, but be made it 
lise to the foot of the tower, which is considerably higher 
âûtt thé second reservoir ; hence it follows, that if he had 
confined himself to making the water rise in one jet t6 the 
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second reservoir, he would have succeeded. It is said that, 
during this expérimenta the machine was prodigiously 
strained ; that it was even found necessary to secure Àme 
parts of it with chains ; that it required 24 hours to forcé 
it to that height, which is abo^t 4^0 feet, and that it wa» 
not possible to make;, it go farther. The object of the 
second trial, made in 1775, was to raise the water only to 
the second well. . It indeed ascended thither at difierfent 
times, and in abundance ; but the pipes were exceedingly 
strained at the bottom, so that several of them burst ; and 
it was necessary to suspend and recommence the exfieri- 
ment several times. It is however evident that this arose 
from the age of i^he tubes and their want of strength, as 
they had not, the proper thickness; a fault which niiglit 
have been eas^. remedied. Here then we have one st^ 
towards the improvement of the machine; and it'resiilfi 
from this trial, that the chains which proceed from the river 
to the first well, might be suppressed, and even the firat 
well itself. 

it still remains. to be determined, whether the water Gould 
be made to ascend, in one jet, to the summit of the tower* 
This would be a very curious experiment ; but tip doubt 
diflScuIt and expensive, because it would be necessary to. 
make considerable changes in different parts of the ma- 
chine; and even in the case of its succeeding,, the wiLter. 
raised might perhaps be in such small quantity, that it 
would be better to retain the present mechanism. 

It is probable that various improvements might be mpde 
in different parts of die machine. In several positions» |the 
moving forces act only obliquely, which occasions a great 
loss of. power, and must tend to render the machine lefM 
effectual. Thé form of the pistons, valves, and aspiration 
tubes, might perhaps admit also of some change. Butiu^ 
this is not the place for entering into these detajîls, we shail^ 
proceed to the Steam Engine, oi which we promised to 
give a short description. y 
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S VI. Of the Sttam Engine. , ._ 

£.Tlie Steam Engine is tbat perhaps in which the genius 
il OKXihaQism has been manifested in the highest degree ; 
Imt iQo idea- could be more happy than that of empbjring 
liternately, as moving powers, the expansive force of thé 
llaMi of water^ and the weight of the atmosphere. Socb 
W d oid is the principle of this ingénions machine, which is 
at; prissent employed with so much success in pumping 
w^ter from mines, and for a variety of other purposes in- 
the arts and manufactures. 

( The first part of this machine is a large boiler, to the 
eoy^ of which is adapted a hollow cylinder, 2, 3, or 4 
feet ip diameter. A communication is formed between the 
boiler and the cylinder by an aperture, capable of being 
^piçned or shut. Into this cylinder is fitted a piston, the 
rod ofjwhieh is made fast to the extremity of one of the 
mnoAjoS a working beam, having at the extremity of its 
othorarm^ the weiglH to be raised, which is generally the 
làst<m of a sucking pump, adapted to raise water from a 
ipnsa^. depth. The whole must be combined in such a 
ipam^i ihat when the air or steam has free access into 
the cyfioder, which communicates with the boiler, the 
weight alone of the apparatus affixed to the opposite ai^m 
sbfdl be capable of raising that piston. 
• ■Lelf us piow suppose the -boiler filled with water to a 
certain^ height, and tbat it is brought to a state of complete 
ehiillition» by a large fire kindled below the boiler. As a 
part pf. this water will continually rise in steam, when the 
«D0muni(cation between the boiler and the cylinder -is 
ogeo^^ this Tapour, which is elastic, will introduce itself 
into iti-and^jfaise thé piston; as its force is equivalent to- 
t^^ of air«, Let us suppose also that the piston, when it 
attfina to a certain height, by means of some mechanism,* 
^Ucii may be easily conceived, moves a certain part' of 
th^.flEAçbiQe9 whidi intercepts the communication between 
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the boiler and the cylinder ; and in the last place, that by 
I the same cause a jet of cold water is thrown beaeath the 
I bottom of tbe piston in the cylinder, so as to fall down 
through the vapour in the form of rain. At that moment 
^e steam will be condensed into water ; a vacnum mil be 
I formed in tbe cylinder, and consequently the piston will 
' be then charged with the weight of the atmosphere above 
" or a weight equivalent to a column of water of the same 
[ base and 32 feet in height. If the piston, for example, be 
inches in diameter, as is the case in tbe steam-engines 
of Montrelais, near Ingrande, this weight will be equal to 
S94di0 pounds : the piston will consequently be obliged to 
descend with a. force equal to nearly 30000 pounds, and 
tàie other arm of the working beam, if it be of the same 
length, will act with an equal force to overcome the re- 
nstance opposed to it. When the piston has made this 
first stroke, the communication between the boiler and the 
cylinder is restored ; the steam of the boiling water again 
•nters it, and the equilibrium between the air of the atmo- 
sphere and tbe inside of the cylinder being re-established, 
I tbe weight of the apparatus affixed to the other end of the 
working beam descends, and raises the piston ; the same 
play as before is renewed ; the piston again falls, and the 
I machine continues to produce its effect. 

It may be readily conceived, that we must here con6ne 

I ourselves to this short sketch ; for a long description and 

k variety of figures wouid be necessary to give a correct 

I idea of the many different parts requisite to produce this 

J efiect ; such as that which opens and shuts the communi- 

I ^tion between the boiler and the cylinder; that which 

Injects cold water into the cyhnder ; those which serve to 

T 'Ovacuate the air and water formed in the inside of the cy- 

i^oder ; the regulator necessary to prevent the steam, when 

it becomes too strong, from bursting the machine, &c. 

For farther details therefore we must refer the reader to 

those authors who hare purposely treated of this a 
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liirïi^M Bdidof in Us Ârehitedure SydrmOipiê^rol II; 
Btaigttlmni, m Us Gmrs de Phgfsique EspermentéU^ tqL 
si if. Prenjr, in bis NoufodU Jfihiêe^ure H^drmtipuit 
9Bd several others. 

^ The BMiehine here described is very different from that 
fbbiittmied by Mascbenbroek^ in his Cmrs de Pl^friqm 
M/fpnvimtnêale. In the latter» the steam acts by its com- 
pi^mifm on a cylinder of water, whidi it causes to aseend. 
Vinaieqiiires steam highly elastk, and Tery much heated; 
but in tins ease there is great danger of the machine 
bovsting. In the new machine, that above described» it is 
ifeiffiéieiit if the steam has the elasticity of the air: this it 
will ae^ire if the water boils only briskly ; and therefore 
ile^isMiger of the machine bursting is not nearly so great: 
il is «(^ even said that this accident ever happened to any 
ef the hurge Steam-Engines» which have been long esta- 
blished. 

f Thé largest Steam Engine with which I ami acquainted» 
is thst of Montrelais, near Ingrande» which is employed 
iis IveeiBg the coal mines from water. The cylinder is 52f 
inches in (tiaiiieter*. It raises per honr» to the height ùf 
€iS feet» by eight diffsrent stages» 1145 cubic feet of 
Hatevi or 10800 gallbns; and as it is estimated» after de- 
éncting the time lost by putting it in motion» during accb- 
detitlU repairs» which are necessary from time to time» ftc» 
that it works 22 hours in the 24» its daily eflect is to raisc^ 
tetbe above height, and evacuate, dSlSOO giJlons of water, 
in the same time it consumes about 266 cubic feet of coala. 
n» other expences attending it must also be considerablei» 
" la Ae same place is another madiine which» in some 
le^iects» appears to be constructed on a better principle. 
3%oiigh the ey finder is only 34 inches in diam^er» it 
raises» in 22 hours» to the same height» and at one jet» 
^iStpOQ cnbic feet» or about 165000 gallons» which is above 

r 

> tb ÉtaÉié Keiltf Bngiaei ia Boffsiid ûm Myhvàêi^ k 60, and «rm It 
in diMBtlsi» sad tlwk power is ieqiial to that <rf B50 hwi ts. ■ 
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binr dhe ratio of the 8qu9,res.of the 

4Mfc pmtDBSy is only about . f oC that of tbe 

■J -, ^MCUi^ was made, some years ago, to' employ tbe / 
.ug^B^ to move carris^es, and an experiment an 

^-^»,^^'< was tried at tbe arsenal of Paris. The cfarriage 
«uL<«arUM>ved, but in our opinion this idea must be cpo- 
>^^^ ratiher as ingenious, than susceptible of being pqt 
^4 p^«iotice. It would not be very agreeable to traveltecs 
-.alicar, behind them, the noise of a machine capable, .if it 
.>iH>uId burst, of blowing them to atoms; and we, much 
doubt whether this invention would meet with encourager 
uient. A boat also which, it is said, could be made .tp 
move against the current by «means of a Steam. Engine^ 
was seen for a long time in tbe middle of the Seioié, oppo- 
site to Passy. Nothing less was hoped from this invention^ 
than to be able to convey a boat, laden with merchandise» 
in two or three days, from Rouen to Paris ; but scarcely 
was the machine in motion when the wheels, the floats 
boards of ^which were to serve as oars, were broke ip 
pieces by the effect of the too violent and sudden im- 
pression they received. Such wa9 the result of this at- 
tempt, tbe failure of which had been predicted by tbe 
greater part of those mechanicians» who had seen the 
preparations*. 

Remark.— As Montucla has given but a short and im* 
perfect account of that truly noble English invention, we 
bave subjoined the following brief history of it. . Tile 
Steam Engine was invented by tbe marquis of WorceaCer» 
in the year 1655. And an account of it was printed iot a 
little book, intitled, A Century of the Names and Scaot-^ 



* The learned and ingenious Earl Stanhope, however, has lately siie- 
CMdedy in conttrocting a qtefql sailings yessel, which is ionpeUed bf the 
force of fteani. 
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lings of such Inventions as at present I can call to mind, 
hCf in the year 1663. 

lb the 68th article of that work, the marquis describes 
the invention in the following words — '^ An admirable 
* and ihost forcible way to drive up water by fire. Not 
^' by drawing or sucking it upwards, for that must be, as 
^ the Philosopher calleth it. Intra Spbœram Activitatis^ 
' which is but at such a distance ; but this way hath no 
' bounds, if the vessel be strong enough ; for I have taken 
' a piece of a whole cannon, whereof the end was burst, 
^ and fiUed it three quarters full of water, stopping and 
' securing up the broken end, as also the touch hole, and. 
' making a constant fire under it, within 24 hours it burst 
' and made a great crack ; so that having a way to make^. 
' my vessels, so that they are strengthened by the force 
' within them, and the one to fill after the other. I have 
' seen the water run like a constant fountain stream 4fO 
^ feet high; one vessel of water rarefied by fire driveth 
' up 40 of cold water. And a man that tends the work 
< is but to turn two cocks, that one vessel of water being 
^ consumed, another begins to force and refill with cold 
^ water, and so successively, the fire being tended and 
^ kept constant, which the self same person may likewise 
^ abundantly perfo];m in the interim between the necessity 
' oi turning the said cocks/' 
. But though the above description is a distinct and in- 
telligible one, of the manner of fipplying steam for raising 
.of wateTj and though it appears that Sir Samuel Morland, 
io the year. ^682, wrote a treatise on the Steam Elngine, 
yçt no-perspn, that I have heard of, attempted to erect a 
aiacbip^. on these principles until the year 1699; when, 
Captain Çkavary.produced, the I4th of June in that year, 
%:/Dpdç;i. which was worked before the Royal Society, at 
their weekly meeting, at Gresham College. He after7 
Wards published an account of this machine in the year 
1102, in a work intitled The Miner's Frjend. 
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In Salary's machine, the steam is used for making a 
vacuum in a vessel placed near to the ivater to be raised, 
and communicating witli it by a pipe, wliich has a cock or 
Valve adapted to it. This valve or cock being opened 
when there is a vacuum in the vessel, the atmosphere 
presses the water into the vessel ; and when this is filled, 
the valve or cock is shut ; and steam beiug let into it, this 
presses on the surfece of the water, and forces it upwards 
through a pipe adapted to the vessel for thi'; purpose. 

The disadvantages attending this method of construc- 
Bon were so great, that Captain Savarv never succeeded 
ftirther, than in making some engines for the supply of 
gentlemen's seats; but he did not succeed for mines, or 
(he supplying of towns with water. Tuis discouragement 
Stopped the progress and improvement of the Stestn 
Engine, till Mr Newcomen, an Ironmonger, and Juha 
Ceudley, a Glazier at Dartmouth, about the year 1712, 
invented what is called the Lever or Newcomen engine. 
In this machine, the steam is made to act in a cyhnder 
distinct from the pumps, and is used merely for the purpose 
of making and unmaking a vacuum, in this manner, 
namely, there is a piston in the cylinder, fitted so nicely 
to it, that it can slide easily up and down without the ad- 
. mission of any air, or otlier fluid, to pass between its edge 
and the cylinder. The steam is admitted below the piston, 
vhich, being of a strength equal to the atmosphere, brings 
U into a state of eqiiilibrium, when the weight of the 
pump rods and volumes of water, at the other end of the 
lever or balance, raises it upj when the piston has got to 
the top of the cylinder, a jet of cold water is thrown 
among the steam, which condenses it, and forms a partta) 
vacuum. The atmosphere then actmg on the upper side 
of the piston, forces it down, and raises the column of 
water at the other end of the beam. 

No improvement on this principle took place for abore 
half a century, except In the construction of a Tsristy 
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aratfvnuioet for the purpose of opening fttid ihnttiiig tl|e 
âiAraat oocks and Talyes, necessary to admit the tteani 
intv Ûm cylinder, the water to condeme it^ to carry off thé 
condensed steam, to make the piston more air tight, and 
h genersl to improve the varions working parts of the 
mgtoe* 

Machines of this kind have been comtrncted in a varieQr 
of pkces ; particularly in Great Britain, for the purpose 
of raising water from mines or for sapplving towns, and 
far raising water to turn wheels. One of the largest of 
dûs kind is that which was constructed by the late ingenU 
Otts Mr. Sipeaton, for raising water to turn the wheeb of 
die Blast Furnaces at Carron— -the cylinder of this engine 
ills inches diuneter, and I believe it is reckoned the moat 
perfiaet engine that has been constructed on NewcomenTa 
principle.— But though Mr. Smeaton spent mueb time m 
tke improvements of these engines, and socceeded to e 
veiy considerable extent, yet the manner of employing 
the 4rteam in a cylinder where cold water is to be ad» 
iidlted,for the purpose of eondeosieg it at each rtroke^ 
and Ae piston and cylinder being exposed to the atmo* 
spbm:e, render it so imperfect, that above one haK of the 
power of the steam is lost by ttws ecmsiruetioo. And 
Aerefore, even with Mr. SmeatooTs ingtmcm improve» 
meift^ the Steam Engine at that time waa but a very iw 
pcifiM maclnne, and by no meam y pHc^ «» ««•> • 
flirleey of purposes aa it is now in it» improved state.^ 
''• The ingenious Bfr. Jaines Watt of Cia a ge w, pereeiviog 
tii^ great leas of steam which Wasse^ained in fis eae^ is 
HUwtôttxtffÉ engine, about n«, made a variety of e%^ 
jmmatÊ on tUa aidifeet, and in 1770 obtwned a patène 
fAràne^mode of applying it; '^^^*^^^^^^^i^[Vf 

«Ekde ekiae both at bottom and top, and tfce rod wM 

àmaected the piston with the lever, was ~^™; 
•wigh a eoHar of bemp end taBew, so Oi to he p^^ 

*^ Thent«-pl«e*«ncth-a«dndalûe«tl» 
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cylinder, both .-the Tacuum is made by the steam,- and the 
piston is m6y,ed by it* . Also the steam is not condensed 
by throwing cold water into the cylinder, but it is takeri 
out: by an air pump, and condensed in a separate T^sel; 
and, in order to keep the cylinder as hot as possible, it is 
surrounded with steam, and covered with non-conducting 
sub&tances. By this construction, the engine had been 
made to perform. at least double the effect, with the feanie 
quantity of fuel, as the best engines on Newcomeifs ooik- 
struction. Mr« Watt obtained an extension of his pateafc 
right iji the year 177^, by an act of parliament, for «ttjr* 
years, and wasjoined by the ingenious Mr. Bolton of Soho^ 
near Birmingham; since which, the same principle hw 
still been followed ; but the working parts have undergone 
various modifications, by the joint abilities of these Aie 
mechanicians. The principle which was applied to the 
working of the piston, only one way, that is, by pushing^ 
it downwards, a9:tbe atmosphere did in Newcomen's 
engine, has also been applied to the forcing it up; hy 
which means, engines, where cylinders are of a givea 
diameter,: are now made to perform double the efibct. 
This has not only saved great expence in the original con- 
struction of the engines, but has enabled them to be a(^ 
plied in cases where immense power has been wanted, and 
which could not have been performed at all by them on 
Newcomen's ^construction. By the same mode of apply- 
ing the steam, it can now not only be used of the strength 
of the atmosphere, but as much stronger as necessity or 
convenience may require {which is a still farther coni^ 
solidation of the power. The celerity also with which the 
condensation of the steam, and the discharging of the oob» 
densed. steam and water, are performed, enables them to 
work quicker, and so to be applied to all kinds of mill 
work, which are used in the numerous manufactories of 
this country. . Corn is ground by them, cotton spun, silk 
twisted, the immense machinery used m the new maofir 
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factories are worked, and including every kind of mill 
work to which water can be applied. They are also used 
in the various branches of the civil engineer. Thus the 
water is taken from the foundations of Locks, Bridges^ 
Docks, &c« The piles are driven for the foundations, as 
the mortar manufactured for the bqiJding of the walls; 
earth taken from their caqals ; and docks and works have 
been of late performed by their means, which could nojt 
have been executed without them. 

They are also made so portable for some purposes, that 
they are even constructed on boats and carriages, to 
be moved from one place to another; while in others they 
are.aiaae op a large and magnificent scale. Messrs. Bolton 
and Watt have made them from the power of one, t<i tiiat 
of 250 horses; and by their late contrivances in the exe- 
cution, of their different parts, they are so tiumageable, 
that even a lad may attend and direct tbeir operations; 
and so regular, in their motions, that water itself cannot 
be more so. 

I 

The quantity of fuel which they consume is compara- 
tively small, to the effect they produce. — One bushel of 
the best Newcastle coal applied to the working of an engine 
for pumping, will raise about 30 million of pounds one 

foot high. But in these engines, when the steam acts 

on the piston, both in its ascent and descent, the same 
quantity of fuel will not produce quite so great an effect, 
as there is not so much time for performing the con- 
densation^ on which account the vacuum is not so com- 
plete. . 

. For a more full account of Steam Engines, see Dr. 
Hufeton's Dictionary. 

Op balloons, TELEGRAPHS, Kc. 

THE latter .part of the last century, among many in- 
genious mechanical inventions, has produced the two re- 
markable ones relating to air balioons, and co telegraphs. 
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with Other means of distant, quick or secret intelligence; 
eoncerning which a brief account may here be added : 
and Rrst of Aerostation and Air Balloons. 

The fundamental principles of aerostation have been 

1 long and generally known, as well as speculations on the 

' tiieory of it; but the successful application of them to 

firactice seeois to be altogether a modern discoTcry. - 

1 These principles chiefly respect the pressure and elasticity 

I ûf the air, with its specific gravity, and that of the other 

I feodies to be floated in it. Now any body that is specifi- 

I 4ift1ly, or bulk for bulk, lighter than the atmosphere, is 

F Ihioyed up by it, and ascends to such height where the air, 

L by always diminishing in its density upward, become» of 

i flie same specific gravity as the rising body; here this 

body will float, and move along with the wind or current 

ef air, like clouds at that height. This body then is an 

aerostatic machine, whatever its form or nature may be; 

such as an air-balloon, the whole mass of which, including 

its covering and contents, with the weights annexed to it, 

is of less weight than the same bulk of air in which it 

rises. 

We know of no solid bodies however that are light 
enough thus to ascend and float in the atmosphere; and 
therefore recourse must be had to some fluid or aeriform 
substance. Among these, that which is called inflammable 
air is the most proper lor that purpose ; it is very elaiitic, 
and is 6, 8, or 10 times lighter than common air. So that, 
if a sufficient quantity of that kind of air be inclosed in 
any thin bag or covering, the weight of the two together 
will be less than the weight of the same bulk of common air : 
consequently this compound mass will rise in the atmo- 
sphere, till it attain the height at which the atmosphere is 
of the same specific gravity as itself; where it will remain 
or float with the current of air, as long as the. inflammable 
gas does not too much escape through the pores of its CO» 
Teriug. And this is an ioflammable^r balloon. 
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Another way is, to make use of common air rendered 
lighter, by heating it, instead of the inflammahle air. 
Heat rarefies and expands common air, and consequently 
lessens its speciBc gravity. So that» if the air, inclosed in 
any kind of a bag or covering, be heated, and thus dilated^ 
to such a degree, that the excess of the weight of an equal 
volume of common air, above the weight of the heated 
air, be greater than the weight of the covering and its 
appendages, the whole compound mass will ascend in the 
atmosphere, till it arrive at a height where the atmosphere 
has the same specific gravity with it ; where it will remain 
till, by the cooling and condensation of the included air^ 
the balloon shall gradually contract, and descend again, 
unless the heat be renewed or kept up. And this is a 
heated-air or a fire balloon, which is also called a Mont- 
golfier, after the name of its inventor. 

Various schemes for rising up in the air, and passing 
through it, have been devised and attempted, both by the 
ancients and the moderns, on di£Ferent principles, and with 
various success. Of these attempts, some have been on 
mechanical principles, or by the powers of mechanbm; 
and such, it is conceived, were the instances related of the 
flying pigeon made by Archytas, also the flying eagle, 
and the fly by Regiomontanus, with many others, both 
among the ancients and moderns. 

Other projects have been vainly formed, by attaching 
wings to some part of the human body, to be moved either 
by the hands or the feet, by mean of mechanical powers ; 
10 that striking the air with them, after the manner of the 
wings in a bird, the person might raise himself in the air, 
and transport himself through it, in imitation of that ani- 
mal. But these attempts belong rather to that species or 
inaociple of motion called artificial flying, than to the 
^ibject of aerostation, which is properly the sailing or 
floating in the air by means of a machine rendered speci- 
fically tighter ihan that element, in imitation of aqueous 
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navigation) or the sailing on the water in a ship^ or ves- 
sel, which is specifically lighter than this- element. 
- The first rational account to be found on record, for 
this kind of sailing, is perhaps that of our countryman 
Roger Bacon, who died in the year 1292. He not only 
affirms that the art is feasible, but assures us that he him- 
self knew how to make a machine, in which a man sittitig 
iifight be able to convey hiihself through the air like a 
bird: and he farther affirms that there was another person 
who had tried it with success. The secret it seenâs con- 
sisted in a couple of large thin shells, or hollow globes, of 
copper, exhausted of air; so that the whole being thus. 
I'endered lighter than air, they would support a chair, in 
which a person might sit. 

' Bishop Wilkins too, who died in 1672, in several of his 
works, makes mention of similar ideas being entertained* 
by divers persons. '' It is a pretty notion to this pnrpose, 
says he, (in his Discovery of a New World), mentioned by 
Albertus de Saxonia, and out of him by Francis Méridozà,' 
that tlie air is in some part of it navigable. Âiid that 
upon this static principle, any brass or iron vessel, sup- 
pose a kettle, whose substance is much heavier than that 
^f the water; yet being filled with the lighter air, it will 
swim upon it, and not sink." And again^ in his Dedalies, 
he says, *^ Scaliger cqnceives the framing of such volant 
automata to be very easy. Those ancient motions We 
thought to be contrived by the force of some included ain 
As if there had been some lamp or other fire within it; 
which might produce such a forcible rarefaction, as should 
give a motion to the whole frame.*' Hence if would seem 
that bishop Wilkiiis had some confused notion of such H 
thing as a heated-air balloon. 

.Again, father Francisco Lana, in his Prodroma, printed 
in 1670, proposes the saiiie method with that of Roger 
Bacon, as his own thought. He considers that a hollow 
vessel, exhausted of air, would weigh less than when filled 
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with that fluid. He also reasoned that, as the ciqmcity of 
spherical vessels increases much faster than their surface^ 
the former increasing as the cube of the diameter, but the 
ktter only as the square of the same, it is tlierefore pos» 
tible to make a spherical vessel of any given matter and 
thickness, and of such a size as, when emptied of air^ it 
will be lighter than an equal bulk of that air, and conse- 
quently that it will ascend in the atmosphere. After 
stating these principles, father Lana computes that a 
round vessel of plate-brass, 14 feet in diameter, weighing 
I oances the square foot, will only weigh 1848 ounces; 
whereas a quantity of air of the same bulk will weigh 2156 
ounces, allowing only one ounce to the cubic foot; so 
that the globe will not only ascend in the air, but will also 
carry up a weight of SOS ounces : and by increasing the 
bulk of the globe, without increasing the thickness of the 
aetal, he adds, a vessel might be made to carry up a much 
greater weight. 

Such then were the speculations of ingenious men^ and 

the gradual approaches towards this art. But one thing 

more was yet wanting : though in some degree acquainted 

with the weight of any quantity of air, considered as a 

detached substance, it seems they were not aware of its 

great elasticity, and the universal pressure of the atmo- 

q>bere ; a pressure by which a globe, of the dimensions 

above described, and exhausted of its air, would imme« 

diately be crushed inwards, for want of the equivalent in* 

teroal counter pressure, to be sought for in some element, 

much lighter than common air, and yet nearly of equal 

pressure or elasticity with it ; a property and circumstance 

attending inflammable gas, and also common air when 

f^onsiderabiy heated. 

It is evident then that the schemes of ingenious men 
hitherto must have gone no farther than mere speculatiojn; 
Qd;b€;rwise they could never have recorded fancies whi^h, 
on the first attempt to be put in practice, must have ma« 

VOL. II. I 
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nifested their own insufficiency, by an immediate failutrer 
of success. For, instead of exhausting the vessel of air^ it 
must be filled either with common air heated, or witb 
some other equally elastic but lighter air. So that on the 
whole it appears j that the art of traversing the atmosphere, 
is an invention of our Own time; and-tiie whole hbtory of 
it is comprehended within a very short period. 

The rarefaction and expansion of air by heat is a pro^ 
perty of it that has been long known, not only to phtloscH 
phers, but even to the vulgar. By this means it is, that 
the smoke is continually carried up our chimneys :. and 
the effect of heat upon air, is made very sensible by bring- 
ing a bladder, only partkilly filled with air, near a fire ; 
when the air presently expands with the heat,^and distends 
the bladder so as almost to burst it. Indeed, so well arc 
the common people acquainted with this effect,: that it ift 
the constant practice of those who kick about blown blad» 
ders, for foot balls, to bring them from time to time to 
the fire, to restore the spring of the air, and the disteoaion 
of the ball,^ lost by the continual cooling and waste of that 
fluid. 

But the great levity, or rather small weight, of inflam- 
mable gas, is a very modern discover}^, namely within the 
last 40 or 50 years ; a discovery chiefly owing to our own 
countrymen, Mr. Cavendish and Dr. Black, the latter of 
whom* frequently mentioned also the feasibility of inelos** 
ing it in a very thin bag, so as that it might ascend into 
the atmosphefe ; an idea which was first put in practice^ 
on a very ;small scale, by Mr. Cavallo, another ingenious, 
philosopher. 

It was however two brothers, of the name of Montgol- 
fier, near the city of Lyons in France, who, in the year 
1782, first exhibited to the world what may properly be 
called air-balloons, of large dimensions, being silkenbags 
of many feet in diameter. These were on the principle of 
common air heated, by passing through a fire, made near 
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the orifice or bottom of the balloon. This heated air and 
the smoke thus ascended straight up into the bag, and 
gradually distended it, till it became quite full, and so 
much lighter than the atmosphere that the balloon rapidly 
ascended, and carried up other weights with it, to very 
great heights. After attaining its utmost height howeter, 
partly by the cooling of the included air, and partly by its 
escape through the pores of the covering, the balloon gra- 
dually descends very slowly, and comes at length to the 
ground, after being sometimes carried to great distances 
by the wind, or currents of air in the atmosphere* 

Other balloons were also soon made by the philosophers 
in France, and after them in other countries ; namely, by 
filling the balloon case with infianlmable gas; a more 
troublesome and expensive process, but of much better 
efiect ; 1>ecause, having only to guard against the waste of 
liie fluid through the pores, but not its cooling, these bal- 
loons continue much longer in the air, sometimes for the 
space of many hours, enabling the passengers to pass over 
krge tracts of country. On one of these occasions, Mr. 
Blanebard, a noted operator, with a favourable wind, 
passed over from Dover to Calais, accompanied by another 
gentleman. 

Many other persons exhibited balloonsy of large dimeit* 
âons^ particularly in France and other parts of the conti- 
nent, with various success. The people of that country 
iiave also successfully applied balloons to the examination 
of tbe state of the higher regions of the atmosphere ; and 
also in their armies^ to discover the dispositions and ope- 
rations of an enemy's position and camp. In England 
they baye been less attended to, perhaps owing at first to 
an unfortunate prejudice, and an idea thrown out, that 
tliey could not be turned to any useful purpose in life--^ 
A representation of several di£Ferent balloons is exhibited 
in plate 14. 
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TELEGRAPHS. 

A Telegraph is a machine lately brought into use bjr 
the French nation, namely in the year 1793 ; being con« 
trived to communicate words or signals, from one person to 
another, at a great distance, and in a very short time. 

The object proposed is, to obtain an intelligible figura* 
tive language, to be distinguished at a distance, to avoid 
the obvious delay in the dispatch of orders or information 
by messengers. 

On first reflection, we find the practical modes of such 
distant communication must be confined to sound and vi- 
sion, but chiefly the latter. Each of these is in a great 
degree afiected by the state of the atmosphere : as, inde- 
pendent of the wind's direction, the air is sometimes so fitr 
deprived of its elasticity, or whatever other quality the 
conveyance of sound depends on, that the heaviest ord- 
nance is scarcely heard farther than the shot flies; and, 
on the other hand, in thick hazy weather, the largest ob- 
jects become quite obscured at a short distance. No in- 
strument therefore, designed for the purpose, can be 
perfect. We can only endeavour to overcome these de- 
fects as much as may be. 

Some kind of distant signals must have been employed 
from the earliest antiquity. It seems the Romans had a 
method in their walled cities, either by a hollow formed 
in the masonry, or by tubes ajffixed to it, so to confine and 
augment sound, as to convey information to any pait 
they wished ; and in lofty houses it is now sometimes the 
custom to have a pipe, by way of speaking trumpet, to 
give orders from the upper apartments to the lower: by 
this mode of confining sound, its eflect may be carried to 
a very great distance ; but beyond a certain extent the 
sound, losing articulation, would only convey alarm, and 
not give directions. 

Every city among the ancients had its watch towers ; 
and the castra stativa of the Romans had always some 



TBLBOBAFHi. Ill 

Spot» elevated either by art or nature» from which signals 
were given to the troops, cantoned or foraging in the 
neighbourhood. But they had probably not arrived at 
greater refinement than that, on seeing a certain signal, 
Miey were immediately to repair to their appointed sta 
tions. 

A beacon, or bonfire made of the first inflammable ma- 
terials that offered, as the most obvious, is perhaps the 
piost ancient mode of general alarm, and by being pre- 
viously concerted, the number or point where the fires 
appeared might have its particular intelligence affixed. 
The same observations may be referred to the throwing 
up of rockets^ whose number or the point from whence 
thrown may have its affixed signification. 

FJags or ensigns, with their various devices, are of ear«- 
liest invention, especially at sea; where, from the first 
idea, which was probably that of a vane to show the direo- 
lioo of .the wind, they have been long adopted as the 
distinguishing mark of nations, and are now so neatly 
combined by the ingenuity of a great naval commander^ 
that by his system every requiidte order and question is 
jreceived and answered by the most distant ships of a fleet. 

To the adopting this, or a similar mode, in land service, 
the following are objections: that in the latter case, the 
variety of matter necessary to "be conveyed is so exceed- 
ingly great, that the combinations would become top 
complicated. And if the person for whom the information 
fe intended should be in the direction of the wind, the flag 
would then present a straight line only, and at a little di- 
stance be invisible. The Romans were so well aware of 
this inconvenience of flags, that many of their standards 
yrere solid ; and the name manipulus denotes the rudest of 
their modes, which was a truss of hay fixed on a pole. 

The principle of water always keeping its own level has 
be^ suggested, as a possible mode of conveying intelli- 
gmccy .by an ingenious gentleman, and put in practice on 
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a small scale \i'ith a very pleasing effect. As for example, 
suppose a leaden pipe to reach between two distant placée, 
and to bave a perpendicular tube connected to each ex- 
tremity. Then, if the pipe be constantly filled with 
water to a certain height, it will always rise to its level 
on the opposite end ; and if but one inch of water be 
added at one extremity, it will almost instantly produce a 
similar elevation in the tube at the other end : so that by 
corresponding letters being adapted to the vertical tubes, 
at different heights, intelligence may be quickly conveyed. 
£ut this method is liable to such objections, that it is not 
likely it can ever be adopted to facilitate the object of very 
distant communication. 

Full as many, if not greater objections, will perhaps, 
operate against every mode of electricity being used as 
the vehicle of information. — And the requisite magnitude 
of painted or illuminated letters, offers an insurmountable 
obstacle ; besides in them one object would be lost^ that 
pf the language being figurative. 

Another idea is perfectly numerical, which is, to raise 
and depr^s a flag or curtain a certain number of times for 
each letter, according to a previously concerted system : 
as, suppose one elevation to mean a, two to mean b, and 
so on through the alphabet. But in this case, the least 
inaccuracy in giving or noting the number, changes the 
letters ; and besides, the last letters of the alphabet would 
be a tedious operation. 

Another method that has been proposed, is an ingenious 
combination of the magnetical experiment of Comus, and 
the telescopic micrometer. But as this is only an imper- 
fect idea of Mr. Garnet's very ingenious machine, de- 
scribed below, no farther notice need be taken of it here. 

Mr. Garnet^s contrivance is merely a bar or plank, turn- 
ing on a centre like the arjn of a windmill ; which being 
moved into any position^ an observer or correspondent at 
a distance turns the tube of a telescope round its axis, into 
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-the sane' pontion, by bringing a fixed wire within it to 
coincide with, or become parallel to^ the bar^ which is a 
thing extremely easy to do. The centre of motion of the 
4>ar has a small circle fixed on it, with letters and figures 
around the circumference, and a moveable index turning 
•together with the bar, pointing to any letter or mark the 
operator may wish to set the bar to, or to communicate to 
4be observer* The eye end of the telescope has a like index 
jind .-circle fixed «on the outside of it with the corresponding 
letters or other marks* The consequence is obvious ; the 
telescope being turned round its axis, till its wire cover, 
or become parallel to the bar, the index of the former ne- 
cessarily points out the same letter or mark on its circle as 
that of the latter, and the communication of sentiment is 
immediate and perfect. The use of this machine is po easy, 
that wp have seen it put intQ the hands of two coipmon la- 
boimng men, who had never seen it before» when they 
have immedjiately held ja quick 3.^6 distant conv^rsatioji 
together. 

Fig. 1 pK 15 represents the principal parts of this tele- 
scope : ABDE is the telegraph or bar, having on the centre 
of gravity c, about which it turns, a fixed pin, going 
through a hole pr socket in the firm upright post g, and 
on the opposite side is fixed an index ci. Concentric to 
c on the same post, is fixed a brass circle, of 6 or 8 inches 
diameter, divided into 48 equal parts, 2^ of which repre- 
sent the letters of the alphabet^ and in the other 24» be- 
tween the letters^ are numbers. So thajt the index, hy 
means of the arm ab, may be set or moved to any letter 
or number. The length of the arm or bar should be 2^ 
or 3 feet for every mile of distance. Two revolving lamps 
of différent colours, suspended occasionally at a and b, the 
jBuds of the arm, would serve equally at night. 

Let j$s (fig. 2 pi. 15) represent a transverse section of 
the outward tube of a telescope, and xx the like section of 
ibe didiiiig pr adjusting tube, on which is fixed an index n» 
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Oii the part of the outward tube next to the observer, is 
fixed a circle of letters and numbers, similarly divided and 
situated as the former circle in fig. i ; so that the index lï, 
by means of the sliding or adjusting tube, may be turned 
to any letter or number. Now there being a hair, or fine 
silver wire, fgy fixed in the focus of the eyeglass ; wbeti 
the arm ab of the telegraph is viewed at a distance through 
the telescope, the hair may be turned, by means of the 
sliding tube, to the same position as the arm ab ; then the 
index u (fig. 2) will point to the same letter or number oh 
its own circle, as the index i (fig. 1) points to on the tekl^ 
graphic circle. 

If, instead pf using the letters and numbers to form wofds 
at length, they be used as signals, three motions of the ardi 
will give a hundred thousand difierent signals. 

But a telegraph, combined with a telescope, it seenss 
was originally the invention of M. Amontons, an ingenious 
French philosopher, about the middle of the l7th century ; 
when he pointed out a method to acquaint people at a great 
distance, and in a very little time, with whatever we please* 
This method was as follows: Let persons be placed in ê^ 
veral stations, at such distances from each other, that, by 
the help of a telescope, a man in one station may see U 
signal made by the next before him ; this person immedi- 
ately repeats the signal to the third man ; and this again 
to a fourth, and so on through all the stations, to the last 

This, with considerable improvements, it seems has 
lately been brought into use by the French, and called it 
Telegraph. It is said they have availed themselves of this 
contrivance to good purpose, in the late war ; which has 
induced the English also to employ a like instrument, in a 
difierent form. 

The new invented telegraphic language of signals, says 
a French author, is an artful contrivance to transmit 
thoughts, in a peculiar way, from one distance to another, 
t>y means of machinei», which are placed at difierent din- 



lasçeft, <^ f rom 12 to 15 aiileseacb^ so that die eiprémon 
jE^gcbes a yery distant place in the space of a few minutes* 
The only thing which can interrupt their efiects is, if the 
weather be so bad and turbid» that the objects and signals 
caanot be distinguished» By this inventioui remoteness 
and distance almost disappear ; and all the communications 
of correspondence are effected with the rapidity of the 
twinkling of an eye. The greatest advantage which can 
he derived from this correspondence, is that, if we choose, 
its object shall be known to certain individuals only, 
(NT^to one individual alone, or to the extremities of any 
distance. 

^ig« i^ pL 15 represents the form of the French Tele- 
gnaph« A A is a beam or mast of wood, placed upright on 
a rising ground, and is 15 or 16 feet high, bb is a beam 
or balance, moving on the centre aa. This balance beam 
may be placed vertically, or horizontally, or any how in* 
dined^ by means of strong cords, which are fixed to the 
wheel D, on the edge of which is a double groove to re- 
ceive Jthe two cords. This balance i^ 11 or 12 feet long, 
and 9 inches broad, having at the end two bars cc, which 
likewise turn on the angles by means of four other cords 
passing through the axis of the main balance. The pieces 
G. are each about three feet long, and may be turned and 
placed either to the right or left, straight or square with 
the balance beam. By means of these three, the combina- 
tion of movements is said to be very extensive, remarkably 
siuyple, and easy to perform. Below is a ^mall wooden 
liut, in which a person is employed to attend the move- 
ments of the machine. In the mountain nearest to this, 
cmcyther parson is to repeat these movements, and a third 
to write them down. The signs are sometimes made in 
inrords, and sometimes in letters ; when in words, a small 
£aff is hoisted ; and, as the alphabet may be changed at 
pleasure, it is only the corresponding person who knows 
-the meaning of the signs. The alphabet, as well as>the 
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numbers to 10, are exhibited in the middle of fig, S^ aiH 
nexed to the diflerent forms and positions into which the 
bars of the machine may be put. "^ 

Many improvements and additional contrivances have 
been since made in England. The following one is by the 
Bev. J. Gamble. The principle of it is simply that of a 
Venetian window-blind, or rather what are called the lever 
boards of a brewhouse, which when horizontal, present so 
small a surface to the distant observer, as to be lost to bis 
view, but are capable of being in an instant changed into 
a screen of a magnitude adapted to the required distance 
of vision, aebdfc (fig. 4 pi. 15) is a firm upright frame» 
supporting 9 lever boards, working on centres in b£ and 
SF, and opening in three divisions by iron rods. And 
abed, efg h are two lesser frames, fixed to the great one, 
having also three lever boards in each, and moving by iron 
rods, in the same manner as the others. If all these^rods 
be brought so near the ground, as to be in the manage- 
ment of the operator, he will then have 5 keys to play on. 
Now as each of the handles iklmn commands three lever 
boards, by raising any one of them, and fixing it in its 
place by a catch or hook, it will give a different appear» 
ance in the machine ; and by the proper variation of these 
5 movements, there will be more than 25 of what may be 
called mutations, in each of which the machine exhibits a 
different appearance, and to which any letter or figure 
may be, annexed at pleasure. , 

Should it be required to give intelligence in more than 
one direction, the whole machine may be easily made to 
turn to different points, on a strong centre, after the man- 
ner of a single post windmill.-r-To use this machine by 
night, another frame must be connected with the back part 
of the telegraph, for raising 5 lamps, of different colours, 
behind the openings of the lever boards ; these lamps by 
night answering for the openings by day. 

Fig. 5 pi. 15, represents a front view of the latest fomi 
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of the telegraph, now employed by the English gorern- 
menty by which a signal is conveyed between London and 
Deal, being 72 miles, by repetition, in 3 minutes. The 
corresponding boards forming a scale for the alphabet, and 
for numbering, is annexed in the engraving. 

We shall Umit ourselves to what has been here said re* 
specting those machines, which have acquired the greatest 
celebrity ; but we shall point out a few books, which those 
who are fond of machines, and who wish to instruct them- 
selves by example, may consult for that purpose. The 
first of these, which we shall mention, is the Theatrum 
Mechanicum of Leupold, in several volumes folio, the last 
of which appeared in 1725. This is a curious work, but 
die author's theory is not always well founded ; for he 
SQems not to be entirely convinced of the impossibility of 
the perpetual motion. The next is the Theatre des Ma- 
chines of James Besson, in Italian and French. And to 
these we shall add, Bockler's work, in Latin; that of Ra- 
melli in Italian and French, which is rare, and in great re- 
quest. The Cabinet des Machines of de Servieres, 4to, 
Paris 1733, is one of the most curious works of this kind, 
on account of the great number of machines described in 
it, and which were invented by the author. Some of them 
are very ingenious, and the principles on which they are 
constructed deserved to have been better explained ; but, 
in general, they are more curious than useful. 

The description of the method in which the Chevalier 

Carlo Fontana raised the famous obelisk, now before St. 

Peter's at Rome, is likewise a work worthy of a place in 

the library of every person fond of mechanics. M. Loriot, 

>rho has a collection of machines, the invention of which 

displays great ingenuity, has promised to publish some 

day a description of them. This, in our opinion, would 

be a curious and useful work ; for the most of his machines 

l^ear the stamp of genius. We have seen one invented by 

liim for driving piles, which acts by a motion always in 
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the same direction, without being obliged to stop or tQ 
retrograde, in ^rder to raise up again the weight. Nothings 
in our opinion, can be more ingenious than the method in 
which, after the fall of the weight or rammer, the book^ 
that serves to raise it again, lays hold of it, and by which 
the cable lengthens itself in order to reach lower and lower 
in proportion as the pile sinks deeper. If this mode of 
construction be compared with those hitherto employed, 
no one can refuse to give it the preference. 

There is also the Collection, in 6 vols. 4to, of Machiœi 
and Inventions approved by the Royal Academy of 8ci^ 
ences, containing the engravings and descriptions of a 
great multitude of machines. In English too we have 
Des^guliers^s Course of Experimental Philosophy, in 9 
vols. 4to. also Emerson's Mechanics, both containing thQ 
figures and descriptions of many curious and useful mar 
chines» Besides some others, of less pote. «. 
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A TABLE 

iff the Specific Gnwities of d^erent bodies, thai of rain or 
distilled water being supposed 1000. 



METALS. 



Gold. 



Pure gold of 24 carats, melted but not hammered 
The. same hammered • 1 • . 

Gold^ of the Parisian standard, 22 carats fine, not 

hammered * . • • • 

The same hammered • • • • 

Gold of the standard of French coin, 21|^ carats 

fine, not hammered • • 

The same coined • • • • 

Gold of the French trinket standard, 20 carats 

fine, not hammered • • . , 

The same hammered . • • • 



Silver. 

Pure or virgin silver, 12 deniers fine, not ham- 
mered . • • • 

The same hammered . 

Slver of the Paris standard, 11 deniers 10 grains 
fine, not hammered f 

The same hammered • • 

Silver, standard of the French coin 10 deniers 21 
grains fine, not hammered . • 

The same coined . . • 

Platina. 



Crude platina, in grains 
Purified platina, not hammered 



SpeciHe 
Graritj. 

19258 
19362 

17486 
17589 

17402 
17647 

15709 
15775 



10474 
10511 

10175 
10377 

10048 
10408 



15602 
19500 



t Tkii if tlie muom auterling gûld. t This is 10 grs. finer Ab«i ttertia; . 
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The same hammered 


• • • 


203*? 


The same drawn into wire 


• • • 


21043 


Thé same rolled 


• • • 


22O0& 


Copper i 


md Brass. 




Copper not hammered 




7788 


The same wire-drawn 




8879 


Brass, not hammered 




8396 


The same wire-drawn • 




8544 


Cdmgion cast brass 




7824 


Iron and Steel. 




Cast iron 


» • é 


720T 


Bar iron, either hardened or not 


7788 


Steel, neither tempered nor 


hardened . 


78SS 


Steel hardened under the 


hammer, but -not 


- 


tempered « 


. • 4 


7840 


Steel tempered and hardened • • « 


7818 


Steel tempered and not hardened 


7816 


Ot/ier Metals. 




Pure tin from Cornwall, melted and not hardened 


7291 


The same hardened 




7299 


Mafacca tin, not hardened 




7296 


The same hardened * 




7307 


Molten, lead 




11352 


Molten zinc 




7191 


Molten bismuth 




9823 


Molten cobalt • 




7812 


Molten arsenic 




5763 


Molten nikel 




7807 


Molten antimony 




6702 


Crude antimony 




4064 


Glass of antimony 




4946 


Molybdena 




4739 


Tungsten 


• • ■ • 


6067 



SVECtFlC OBATITIBI. 



Mereury 






13568 


Unuùum ..... £440 


PHECIOU» STONE». 


White oriental diamoud . . 3521 


Rostf coloured ditto 






3531 


Oriental ruby 






4283 


^inell ditto 






3760 


Balias ditto 






3646 


Brasilian ditto 






3531 


Oriental topaze 






4011 


Saxon ditto 






3564 


Oriental sapphire 






39»4 


firanlian ditto .. 






3131 


%wiol 






4000 


Jargon of Ceylon 






4416 


Hyacinth 






3687 


Vermilion 






4230 


Bohemian garnet 






4189 


Syrian ditto 






4000 


Volcanic ditto with 24 sides 






2468 


Peruvian emerald 






2776 


Chrysolite of the Jewellers 






2782 


Birasilian ditto . 






2692 


Beryl or oriental aqua-marine 






3549 


Occidental ditto 






2723 


SILICEOUS STOKES. 


Pure roclt crystal of Madagascar . . 2653 


Ditto of Europe 




2655 


Crynallized quartz 






2655 


Oriental i^ate . 






2590 


Agate onyx 






2638 


Transparent calcedony 






2664 


Carnelian 






2614 


fljirdonyx; 






2603 
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Prasiam ..... 


«581 


Onyx pebble .... 


2664 


White Jade .... 


2950 


Green ditto . . . . , 


2966 


'Bfixi Jasper .... 


2661 


Brown ditto •...., 


2691 


Yellow ditto .... 


2710 


Violet ditto .... 


2711 


Grey ditto .... 


2764 


Black prismatic hexaedral schorl 


3S85 


Black amorphous schorl^ called antique basaltes 


2923 


Paving stone . • . . . 


24ie 


Grind-stone . * . . . 


2143 


Cutler's stone . . . • 


2111 


Mill*stone .... 


2484 


White fliqt • • . . . 


2594 


Blackish ditto ... « 


2532 


• 

VARIOUS STONES, &C. 


• 


Opake green Italian serpentine 


8480 


Coarse Briançon chalk . . • . 


2127 


Spanish chalk . . . . < 


2790 


Muscovy talc . . . . , 


2*793 


Common schist or slate 


267S 


New slate . . . . . 


2854 


White razor hone . . . , 


2876 


Black and White ditto 


S131 


Icelandic crystal . . . . 


2115 


Pyramidal calcareous spar 


8790 


Oriental or white antique alabaster 


2714 


Green Campanian marble 


2742^ 


Red ditto . . • . . 


2724 


White Casara marble • • . . 


2717 


White Parian marble • • . , 


£888 


Ponderous spar • • • . 


4430 


White fluor • • • • « 


3158 
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it«I fluor 

Green ditto 

filue ditto 

^Violet ditto 

Red porphyry 

Red Egyptian granite 

Pomice stone 

Obsidian stone 

iBaeaUes from the Giants 

louch stone 

JEtottle gl^ss 

^inreen glass 

.White glass 

l^itfa crystal 

JjiotgWs 

^eves porcelain 

.CJiiaa ditto 

Native sulphur 

Melted ditto 

Phosphorus 

I|ard peat 

:^i9bei^ris 

Yellow transparent amber 



IMatilled water 
SaÀa water 
Sea water * 
Burgundy wine 
Malnisey Madeira 
Cyder 
Bed beer 
White ditto 



causway 



IS» 

. 3191 
S182 
S 169 
3176 
S765 
8654 
915 
234S 
2864 
9415 
S733 
S64fi 
S69S 
S189 
3S29 
S146 
2SS5 
2033 
1991 
1714 
1329 



1000 

1000 



1038 
1018 
1034 
1023 



130 
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Highly rectified alcohol • • • 


829 


Common spirit of wine • • • 


837 


Sulphuric ether • • • • 


739 


Nitric ditto . • • • 


906 


Muriatic ditto \ . • • 


780 


Acetic ditto . . • • 


see 


Highly concentrated sulphuric acid 


dl£S 


Common sulphuric acid 


1841 


Highly concentrated nitric acid 


1580 


Common nitric acid 


1378 


Muriatic acid • • « • 


1194 


Fluoric ditto • • % • ^ 


1500 


Red acetous ditto • • > 


1085 


White acetous ditto 


1014 


Distilled ditto ditto . • . . 


lOlO 


Acetic ditto • * • • 


loeft 


Formic ditto • • . • 


994 


Solution of caustic ammonia, or volatile alkali fluor 


897 


Essential oil of turpentine 


eio 


Liquid turpentine . • - . 


991 


Volatile oil of lavender 


894 


Volatile oil of cloves 


1036 


Volatile oil of cinnamon 


1044 


Oil of olives .... 


»15 


Oil of sweet almonds 


917 


Linseed oil ... « 


940 


Whale oil . . . 


9£S 


Woman's milk • . • . 


1090 


Cow's ndilk .... 


10S9 


Mare's milk .... 


1035 


Ass milk • . • . . 


1036 


Goat's milk . . v . . 


1034 


Ewe milk • • . • . 


1041 



RESINS AKD GUMS. 

Common yellow resÎD 



lOM 



«Htinp «RAviTisa. 



BfiMtic 








lOM 


Stenx 








in» 


OpAe copal 








nw 


Had^asc» ditto 








uxo 


Chinese ditto 








loei 


Elffini 








lois 


Labdanum 








118< 


Bngon's blood 








I«0| 


enmlac 








118S 


Ottn elastic 








9M 


Oâdiphor 








est 


God ammoniac 








iitrt 


OUnboge 








19Z> 


Myrrh 








1S60 


&dbanum 








121» 


Aseafœtidjt 








13£8 


fiOD arable 








14£» 


Tragacanth 








1SI« 


Terra Japonica 








139» 


a»eotrine aloes 








13S0 


Ofium 








1337 


lD«go 








7W 


Mlo» wax 








9«S 


White ditto 








ses 


Spermaneti 








9«S 


Buf fat 








88> 


Veal&t 








>i* 


Jbttm fat 








92* 


Talk» 








MS 


Hog-, fia 






' 


937 


lard 








9tS 


Butter 








94« 


WOODS 




Heart of Oak 60 yean oU 


U70 


«ark 








an 



Isa 
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Elm plank 


• • ■^s• • 


&ff 


Ash ditto 




StS 


Bèédi 




859 


AMer 




800 


Walnut 


• m *" * 


671 


Willow 




585 


Male fir • 




550 


Female ditto 




498 


Poplar 




S8S 


White Spanish ditto 




509 


Apple tree 




79» 


Pear tree 




661 


Quince tree 




705 


Medlar 




944 


Plum tfeev 




785 


Cherry tree 




71» 


tUbert tree 




«00 


French boX| 


• 


918 


Ihitch ditto 


• • • 


ISKB 


iDutch yew 




788 


Spanbh ditto • 




WT 


Spanish cypress 




6M 


American cedar 


• • • • 


561 


Spanish Mulberry tree 




897 


Pomegranate tree 


• • • • i 


185» 


Lignum vitœ 




1S3S 


Orange tree 




705 


Note, We may here observe, that the numbers in the 


above table, express nearly the absolute weight of an En- 


glish cubic foot, of each substance, in averdupoi 


s ounces. 



TABLE OF WEIGHTS, 

Both ancient and modem, as compared with the English Troy 
pounds which contains 12 ounces, or 51èO grains. 

As we gave, at the end of that part which relates to 
Geometry, a comparative table of the principal longitu- 
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diaal meuiuresy we think it our doty to give here a rimifaur 
table oiF the ancient Hebrew, Greek, and Roman weights; 
and also of the modern weighty of different countries, 
particularly in Europe, as compared with the Englisb 
Troy pound. 



The obolus called gerah 
Half shekel or beka ' 
Shekel . 
Ifina or roaneh 
Talent or cicar 



ANCIENT WEIGHTS. 

Hebrew Weights. 

Qrt. Troy. 
. 1066 

103'S7 
. 206-74 
. 12453-67 
622683*6 



lib. OS. dwt. gn. 

10*66 

4 7*37 

8 14*74 

2 1 18 21*67 

108 1 5 3*6 



Attic Greek Weights^. 

Gri. Troy, 

8*20 . 

51*89 . 

103*78 . 

207*56 . 



Clialcns 

Obolus 

Drachma 

]>idrachma • 

Tetradrachma 

Lesser mina of 75 drachms 3891 *77 

Greater mina of 100 drachms 5189*03 

Leaser talent of 60 lesser 

minœ . . . 233506*20 
Crreater talent of 60 greater 

minflB • • « 311341*8 

JUmian Weights. 

Ors. Troy. 

The denarius . .51*89 

Ounce, equal to 12 denarii • 415*12 
As or pound, equal to 12 

ounces . • • 4981*44 



lib. oi« 










o 





o 




• 

10 



dwt* grt. 
0-82 
8*20 
2 3*89 
4 7*78 
8 \S*B6 
2 3*77 

16 5*03 



40 6 9 10*20 



54 O 12 13*8 



lib. «a. clwi. gn. 
2 3*89 

17 7*12 
10 7 13*44 



* It nuqp^ be proper here to obierve, thtt thete wei^hti were at the etine 
time Bonef • « 



i4 



TAAkft b9 wtmwrUé 



Qrê.Trtff. 

Another pound of 10 onnoos 4151*2 • 8/|S SS^I 
The kaier talent . . S88J06-£0 , 40 6 9 l€r^ 
The greater talent . 311341-8 -54 Q 18 tSrS 
The above tables are taken from a work by M.Cbristiaoi, 
entitled, Delle Misure d'ôgni génère, anticbe c moderne, 
&c; printed in quarto, at Venice, in the year 1760. As 
this is an obscure subject, and as some difference prevails 
amcmg the learned in regard to the value of the ancient 
weights, the tninslator hlui added the following tabk» firotti 
Arbuthnot) in order to render this article more complete. 

Jewish weights reduced to English Ttoy weight. 



The shekel 

Maneh 

Talent 



lib. oz. dwt. gr. 
9 2^ 

2 S 6 lOf 

113 10 1 10^ 



The mast ancient Grecian weights, reduced to English TVoy 

weight. 



Drachma 

Mina 

Talent 



lib. oz. clwt. gn 

6 2|^ 

1 1 4|} 
65 12 5^ 



Less ancient Grecian and Soman weights reduced 4^ JSsi 

. gUsh Troy weight. 



JLentcs 

Siliqu» 
Obolus 
Scriptulum , 
Drachma .. 
Sextula 
Siciliens • 
l)uella 
Uncia 
Libra 



lib. OS. dwt« fgt. 

OA^ 

3^ 

9^ 

18^ 

2 6^ 

3 Of 

4 13^ 

6 1| 

O O 18 8f 

10 18 187 
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Tbe Roman ounce is the English avoirdapois ounce, 
which they divided into 7 denarii, as well as 8 drachms: 
and since they reckoned their denarius equal to the Attic 
drachm, this will make the Attic weights | heavier than 
the correspondent Roman weights. 

We shall here observe, that the Greeks divided their 
obolus into chaici and iepta : thus, Diodorus and Suidas 
divide the obolus into 6 chaici, and every chalcus into 7 
Iepta: others divided the obolus into 8 chaici, and every 
'didcus into 8 Iepta, or minuta. 

The greater J Hie weights, reduced to English Tray weight. 

lib. OS. dwt. fn. 

Libra or pound • . . 10 18 ISj- 

Common Attic mina . • 117 16^ 

Another mina used in medicine 1 2 11 10^ 

The common Attic talent . 56 11 17f 

It is here to be remarked, that there was another Attic 
4alent, said by some to consist of 80, and by others of 100 
minae. Every mina contains 100 drachmae, and every 
talent 60 minae; but the talents difler in weight, according 
to the different standard of the drachm^^e and nûoœ of 
which they are composed. The value of different minae 
and talents, in English Troy weight, is exhibited in the 
following tables : 

Table of different minœ. 

lib. oz. (hrt. grt, 

Egyptian mina • • • 15 6 22|f 
Antiochic . . . .^156 22J| 
Ptolemaic of Cleopatra • 1 6 14 16j^ 

Alexandrian of Dioscorides • 1 8 16 1^ 

Table of itèrent Talents. 

lib. 02. dwt. grt* 

Eg3rptian . • . • 86 S l6 a 
Antiochic • • . • 86 8 16 8 
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Ptolemaic of Cleopatra 
Alexandrian • 
Of the Islands 
Antiochian • 



lib. oz« dwt. gn 
93 11 11 O 



104 
130 
390 



19 

1 4 
3 13 



14 
12 
11 



Modem weights of the principal countries in the world, and 

particularly in Europe. 



Aleppo, the pound, 

called rotoh 
Alexandria in Egypt 
Alicant • 
Amsterdam 
Antwerpi and the 

Netherlands 
Avignon 
Basle 
Bayonne 

Bergamo < 

Berghen 

Berne 

Bilboa 

Bois-le-Duc 

Bourdeauxy see 

Bourg 

Brescia : 

Cadiz 

China (the kin) 

Cologne • 

Constantinople 

Copenhagen 

Damascus 

Dantzic 

Dublin • 

Florence • 



Bayonne. 



Gr8. Troy. 

30984-86 
6158-74 
6908-58 
7460-71 

7048-15 
6216-99 
7713-31 
7460-71 
4663-f7 
11659-52 
7833-17 
6721*53 
7460-71 
7105-48 

7073-57 

4496-61 

7038-21 

9222*93 

7220-34 

7578-03 

6940-58 

25612-88 

6573-86 

7774-11 

5286-65 



lib. oz. dwt. gr. 

5 4 11 0-8Ç 

1 16 14-74 

12 7 20*58 

' 1 3 10 20-71 

1 2 15 4-15 

1 19 0-99 

1 4 1 9-31 

1 3 10 20-71 

9 14 7-97 

2 5 19-52 
14 6 9*17 

12 1-53 

1 S 10 20-71 
1 2 16 1*48 

1 2 14 17'57 

9 7 8-61 

1 2 13 6-21 
17 4 6-93 

13 20-34 
1 3 15 18-03 
12 9 4-58 
4 5 7 4*88 
1 1 13 21-86 
1 3 19 18*11 
11 6'^ 



TABLE OF VrKIOHTt. 



1ST 







'. On. Troj. 


Ub. 


OS. dwt. gr. 


Genoa S 


• • 


. 4426*05 


. 


9 4 10-05 


. . 


. 6637-85 




1 16 3-85 


Geneva . 


1 • « 


» 8407-45 




5 10 7-45 


Hamburgh 


» • 


. 73 14*68 




8 4 18-68 


Konigsberg 


• • 


. 5968-41 




8 16-41 


L^hom 


• . 4 


5145-54 

1 


. 


10 14 9-54 


Leyden . 




7038-21 




2 13 6-21 


Li^;e 


• * 


7089*07 




2 15 907 


Lille 


• 1 


6544-33 




1 12 16*33 


LidK)n 


► • « 


7005-39 




2 11 21*39 


Locca 




5272-71 


. 


^0 19 16*71 


tyoo» J SiBc weight , 
'' L Tovm weight 


. 6946*32 


J 


2 9 10-32 


6431-93 




1 7 23*93 


lladrid • . • « 


6544-33 




1 12 16-33 


Malo St. see Bayonne. 








Urfneilles 


6041-42 


. I 


11 17*42 


MechUn» see Antwerp. 








Mêlun • . . . 


4440*82 


. 


9 5 0-82 


Messina • • • < 


4844-46 


. 


10 1 20-46 


Montpellier 


6217-81 




19 1*81 


Namur • • • < 


. 7174*39 




2 18 22-39 


Nancy . • 


, 7038-21 




2 13 6-21 


KanteSy see Bayonne. 








Naples . • • . 


4951-93 


. 


10 6 T93 


Nuremberg 


► 7870*91 




4 7 22-91 


Paris • . . . 


7560-80 




S 15 0-8 


Pisa^ see Florence. 








!Revel • • • . 


6573-86 




1 13 21-86 


Higa • . . . 


6148*89 




16 4-89 


Rome 


, 5257-12 


. 


10 19 1-12 


Roue^ • • . . 


, 7771-64 




4 3 19-64 


Sa^gossa 


. 4707*45 


. 


9 16 3*45 


Seville . • . . 


. 7038-21 




2 13 6-21 


Smyrna • • . . 


6544-33 




1 12 16-33 


Stettin . 


• • « 


. 6782-24 




2 2 14-24 



t$B 
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Stockholm . . . 
iStrasbuxg 
Toolouse, and upper 

Languedoc • . . 
Turin and Piedmçnt, in 

general • . • 
Tunis apd Tripoli, in 

Barbary . . . 

Venice Î'^^'^P^""** 
Cgreal;er do. 

Verona . • • 

Vicenai S'esserp<mnd 
1 greater do. 



Grs, Troy. 
9211*45 

7276-94 

6322*82 

4939-62 

71 39*94 

4215-21 

6826-54 

5374-44 

4676-28 

6879-05 



lib. oz. dwi. gr. 
17 3 19-45 

.13 3 4*94 
lis 10-B2 

10 5 ]9'6e 

1 2 17 11*94 

a 15 15*21 

1 £ 4 10*5* 
O 11 3 2S*4« 
9 14 20*29 
12 6 15!05 



' To reduce any of the weights in the preceding table to 
English averdupois pounds, nothing will be necessary but 
to divide the grains Troy^ in the first column^ by 7000. . 

FBfiJîCH WEIGHTS. 

• Tlie Paris pound, |K»ds de mark of Charlemagne, con- 
tains 9216 Paris grains : it is divided into 16 onnces, «adi 
ounce into 8 gros, and each gros into 72 grains** It is 
equal to 7561 English Troy grains. 

The English Troy pound, of 12 ounces, contains 5760 
English grains, and is equal to 702 1 Paris grains. 

The Englisli averdupois pound, of 16 ounces, contmm 
7000 English Troy grains; and is equal to 853€ Paris 
grains. 



NEW FRENCH WEIGHTS. 



Milligramme 
Centigramme 
Decigramme 
Gramme 



Eng. Tr»y gnÎM. 

*0154é 

•15445 

1*54457 

15*44579 



* Sometimef tlie gros it difidsd into 3 deniers, and each denier iato 91 
jpmîas» % 
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Sag. Tfùf gn\nu 

Decagramme • • • • 154*45793 

Hectogramme • • • • 1544*57938 

Chiliogramme • • • . 15445*79386 

Myriagramme • ' . • 154457*93860 

A decagramme is 6 dwts. 10*45 grs. Troy, or 2 drs. 1 
8cr. 14*45 grs. apotb. weighty or 5*648 drams, averdupois* 

A hectogramme is 3 oz. 8*48 drs. averdup. 

A chiliogramme is 2 lbs. 3 oz. 4*87 drs. aver, 

A myriagramme is 22 lbs. 1 oz. 0*73 drs. aver. 
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MATHEMATICAL 



PHILOSOPHICAL 

RECREATIONS. 



PART FOURTH. 

Containing many curious Problems in Optics. 

The properties of light, and the {ihcnomena of vision, 
form the object of that piirt of the mixed mathematics, 
called optics; which is commonly divided into four branches, 
viz, direct optics, or vision, catoptrics, dioptrics, and per- 
spective. 

Light indeed may reach the eye three ways : either 
directly; or after having been reflected, or after having 
been refracted. Considered under the first point of view, 
it gives risetothe&rst branch of upticH, called direct optics, 
or vision ; in which is explained every thing that relates to 
the direct propagation nf tight, or by a straight line from 
the object to the eye, with the manner in which objects 
are perceived, &c. 

Catoptrics treat of the effects of reflected light, and the 
phenomena produced by the reflection of light from sur- 
faces of different furnis ; plane, concav, convex, tSlc. 

When ligbt, by pacing through transparent bodies, is 
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turned aside from its direct course, which is called re- 
fraction, it becomes the object of dioptrics. It is this 
branch of optics that explains the effects of refracting 
telescopes, and of microscopes. 

Perspective ought to form a part of direct optics, as it 
is merely a solution of the different cases of the following 
problem : On a given surface to trace out the image of an 
object in such a manner, that it shall make on the eye, 
when placed in a proper station, the same impression as 
the object itself — a problem purely geometrical, and in 
which nothing is required but to determine, on a plane 
given in position, the points where it is intersected by 
straight lines drawn to the eye from every point of the 
object. Consequently, the only thing here borrowed from 
optics, is the principle of the rectitude of the rays of light, 
as long as they pass through the same medium: the rest is 
pure geometry. 

Without confining ourselves to any other order than 
that of method, we shall now take a view of the most 
curious problems and phenomena in this interesting part 
of the mathematics. 

On the nature of light. 

Before we enter into any details respecting optics, we 
cannot help saying a few words on the nature and proper- 
ties of light in general. 

Philosophers are still divided, and in all probability wifi 
be so for a long time to come, in regard to the nature of 
light. Some are of opinion, that it is produced by an 
extremely fine and elastic fluid, in consequence of an tm» 
dulatory motion communicated to it by the vibrations of 
luminous bodies, and which is propagated circularly to 
immense distances, and with an inconceivable rapidity. 
Light, according to this hypothesis, is entirely analogous 
to sound, which, as is well known, consists in a similar 
undulation of the air, the vehicle of it. Several very 
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Specious reasons give to this ofMiiion a considerable degree 
of probability^ notwithstanding some physical difficulties 
which it is not easy to obviate. 

According to Newton, light is produced from luminous 
bodies by the emission of particles highly rarefied, and 
projected with prodigious velocity* The physical dif- 
ficulties which militate against the former opinion, seem - 
to serve as proofs of the present one; for the nature and 
propagation of light can be conceived only in these two 
ways. 

But, whatever may be the nature of light, it is proved 
that it moves with astonisliing velocity, since it is well 
known that it employs only 7 or^ 8 minutes in passing from 
the sun to the earth; and as the distance of the sun from 
the earth, according to the best observations, is £4CX)0 
senod-diameters of the latter, or about 95 millions of miles, 
light moves at the rate of about two hundred thousand 
miles per second : at which rate it goes from the earth to 
the moon, and returns from the moon to the earth, in less 
than S seconds. 

The principal properties of light, or those which form 
'dbe foundation of optics, are the following: 

ist. Light mtroes in a straight line^ as long as it passes 
through the same transparent medium. 

This property is a necessary consequence of the nature 
of light ; for whatever it may be, it is a body in motion. 
But a body moves in a straight line if nothing obstructs or 
tends to turn it aside from its course; and as every 
thing in the same medium is equal in all directions, the 
light which passes through it must move in a straight lined 
course. 

This principle of optics, as well as the following, may 
be proved by experiment. 

ad« Light f when it meets with a polished plane , is reflected, 
making the angle of refkction equal to ihe angle if 
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incidence; and the rectum always takes place m aplane 
perpendicular to the reflecting surface^ at the pcmi rf 
reflection. 

That is, if ab (plate i fig. 1) be a ray of light, falling 
on a plane surface be ; and if b be the point of refiection, 
to find the direction of the reflected ray bc, we must con- 
ceive to be drawn through the line ab, a plane perpen- 
dicular to the surface de, and intersecting it in the point 
b: if the angle cbe in this plane be then made equal to 
abd, the line cb will be the reflected ray» 

If the reflecting surface be a curve, as ^ b e, a plane 
touching that surface, must be conceived passing throngh 
B, the point of reflection: the reflection will take place 
the same as if it were produced by the point b ; for it is 
evident that the curved surface and the plane, a tangent 
to it in the point b, coincide in that infinitely small part, 
which may be considered as a plane common to the curved 
surface and to the tangent plane : the ray of light there- 
fore must be reflected from the curved surface, in the same 
manner as from the point b of the plane which touches it. 

Sd. Lights in passing obliquely from one medium into another 
of a different density, is turned aside from its rcctUùieal 
direclion, so as to incline towards the perpendicular when 
it passes from a rare medium into one that is denser^ as 
from the air into glass or^ water ; and vice versa. 

This proposition may be proved by two experiments, 
which are a kind of optical illusions. ^ 

EXt>ERIMENT 1. 

Expose to the sun, or to any other light, a vessel abci> 
(fig. 2 pi. 1), the sides of which are opake, and examine at^ 
what point of the bottom the shadow terminates. We shalE 
here suppose that it is at e. Then fill it to the brim witlB 
water or oil, and it will be found that the shadow, instead- 
of terminating at the point s, will reach no farther than to P • 
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Thb diflbrence can arise only from the inflection of die 
TBj of light BAf which touches the edge of the Tessel. 
When the vessel is empty, this ray, proceeding in the 
straight line sae, tsake» the shadow terminate at the point 
m ; but when the vessel is filled with a fluid denser than 
air, it falls back to af. This inflection of a jray of lights 
in passing obliquely from one medium into another^ is 
called Refraction. ^ 

EXPERIMENT II. 

. Place at the bottom of a vessel, the sides of which are 
"bpake, at c for example, (fig. 3 pi. 1) a piece of money or 
any other object, and move backwards from the vessel till 
the object disappears ; if water be then poured into the 
Teasel, the object will immediately become visible, as well 
«i itbat part of the bottom which was concealed from your 
jight. The reason of this is as follows : 

When the vessel is empty, the eye at o can see the pmnt 
c. only by the direct ray cao, which is intercepted by the 
edge A of the vessel ; but when the vessel is full of water, 
the ray cd, instead of continuing its course directly to b, 
iê refracted into no, by diverging further from the per- 
pendicular BP« This ray conveys to the eye the appear- 
«ace of the point c, which is seen at c, in the straight line 
O0 continued : the bottom therefore, in this case, appears 
to be raised. For the same reason, a straight stick or rod, 
when immersed in water, appears to be bent at the point 
where it meets with the surface, unless it be immersed in 
a perpendicular direction. 

Philosophers have carefully examined the law according 
to which^this inflection takes place, and have found that 
when a ray, as bf (fig. 4 pi. 1), passes from air into glass, 
it. is refracted into fi, in such a manner, that the sine of 
the angle CFBand that of DFijare in a constant ratio. Thus, 
jf the ray bf be refracted into fi, and the ray ev into Ft, 
the sine of the angle cfb will have the same ratio to the 

VOL. II. h 
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sine of dti, as the^sine of the angle eve has to that of df£ 
This ratio, when the ray passes from air into common glaat^ 
is always as S to 2 ; that is to say, the sine of the angle 
vrhich the refracted ray forms with the perpendicular to 
the refracting substance, is always two thirds of the sine 
of the angle formed by the incident ray with the same 
perpendicular. 

It is to be observed, that when the latter angle^ th«t b 
the distance of the incident ray from the perpendicular^ 
which is called the angle of inclination, is very small, the 
angle of refraction may be considered as two thirds of it, 
because small angles have nearly the same ratio as their 
sines. We here suppose that the ray passes from air into 
glass ; for it is well known, and may be easily proved by 
the table of sines, that when two angles are very small, that 
is, if they do not exceed 5 or 6 degrees, they are sensibly 
in the same ratio as their sines. Thus, in the case above, 
the angle of refraction ifd, will be two thirds of the angle 
of inclination gfe; and consequently the angle formed by 
the refracted ray and the incident, continued in a straight 
line, will be one third of it. 

When the passage takes place from air into water, the 
ratio of the sine of the angle of inclination, and that of the 
angle of refraction, is that of 4 to 3; that is, the sine of the 
angle DFi is constantly |- of the sine of gfe, the angle of 
inclination, of the ray incident in air. Consequently, when 
these angles are very small, they may be considered as 
being in the same ratio; and the angle of refraction Jwill 
be ^ of the angle of inclination. 

This proportion is the basis of all the calculations of 
dioptrics ; and on that account ought to be well imprinted 
in the memory. For the discovery of it we are indebted 
to the celebrated Descartes; though it appears certain, by 
the testimony of Huygens, that a law of refraction equally 
constant, and which in fact is the same, was discovered 
before by Willebrod Snell, a Dutch Bnatbematician* But 
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Vossius is wrong when he asserts, as he does in his bode 
De Natura Lucis, that the expression of Snellius was more 
convenient. This learned man did not know what he said, 
when he attempted to speak of natural philosophy. 

PROBLEM I. 

To exhibit y in a darkened room, external objects, in their 

natural colours and proportions. 

Shut the door and windows of the apartment, in such a 
manner, that no light can enter it, but through a small 
hole very neatly cut in one of the window shutters, oppo- 
site to some well frequented place or landscape; then hold 
a white cloth or piece of white paper opposite to the hole, 
and if the external objects are strongly illuminated, and 
the room very d^rk, they will appear as if painted on the 
doth or paper, in their natural colours, but inverted. 

The experiment, performed in this simple manner, will 
succeed well enough to surprise those who see it for the 
first time; but it may be rendered much more striking by 
means of a lens. 

Adapt to the hole of the shutter, which in this case must 
he some inches in diameter, a tube having at its internal 
extremity a convex lens, of 4, 5, or 6 feet focus ; if a piece 
of white cloth, or a sheet of paper, be then held at that 
clistance from the glass, and in a direction perpendicular 
to the axis of the tube, the external objects will be painted 
on the cloth or paper, with much more distinctness and 
▼ivacity of colouring, than in the preceding experiment ; 
and in so accurate a manner, that the features of the 
person seen may be distinguished. This spectacle is highly 
.amusing, especially when a public place, a promenade 
filled with people, &c, are exhibited. 

This painting indeed is inverted, which destroys a little 
€S the« effect ; but different methods may be employed to 
make it appear in its natural position: it is however to be 
regretljed that this .cannot, be. donb without iDJuiinj^'the 

l2 
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distinctness, or lessening the field of the picture. Those 
who may he desirous of seeing the objects erect, most 
proceed in the following manner: 

At about half the focal distance of the lens place a plane 
mirror, inclined at an angle of 45", so that it may reflect 
downwards the rays proceeding from the lens; if you 
then place horizontally below it a sheet of paper, the 
image of the externa] objects will appear painted on the 
paper, and in their natural situation to those who have 
their backs turned towards the window. Fig. 5, represents 
the mechanism of this inversion, of which a clear idea can- 
not be formed without some knowledge of catoptrics. 

The sheet of paper may be extended on à table, and 
nothing will be necessary but to dispose the glass and 
mirror at such a height from the paper, that the objects 
■nay be distinctly painted on it. By these means a land- 
Bcape,or edifice, 8tc, may be exactly delineated with great 
ease. 

PROBLEM II. 

To construct a portable Camera Obscura. 

Construct a wooden box ABCD(fig. 6 pi. 1), about a foot 

in height, as much in breadth, and 2 or 3 feet in length, 

according to the focus of the lenses employed. To one 

" of the sides adapt a tube ep, consisting of two, one thrust 
within the other, that it may be lengthened or shortened 
St pleasure j and in the anterior aperture of the first tube 

' fix two lenses, convex on both sides, and about 7 inches in 

' diameter, so as almost to touch each other ; place anotliCr 
"of about 5 inches focal distance in the interior aperture j 

' and at about the middle of the box, taken lengthwise, dis- 
pose in a perpendicular direction a piece of oiled papa- 
6H, stretched on a frame : in the last place, make a round 
hole 1, in the side opposite to the tube, and sufficiently 
large to receive both eyes. 
When you are desirbus of viewing any objects, turn the 
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tube, furnished with the lenses, towatds them; and adjust 
it, either by drawing it out or pushing it in, till the image 
of the objects is painted distinctly on the oiled paper. 

The following is the description of another camera 
obscura, invented by Gravesande, and of which he gave 
an account at the end of his Essay on Perspective. 

This machine is shaped almost like a hackney chair ; 
the top of it is rounded off towards the back part, and be- 
fore it swells out into an arch at about the middle of its 
height. See plate II fig. 7, where this machine is repre« 
sented with the side opposite to the door taken off, in order 
that the interior part of it may be exhibited to view* 

1st. The board a, in the inside, serves as a table : it 
turns on two iron hinges fastened to the fore part of the 
macMne, and is supported by two small chains, that it 
may be raised to^facilitate entrance into the machine. 

2d. To the back of the machine» on the outside, are af- 
fixed four small staples c, c, c, c, in which slide two pieces 
of wood DX, BE, 3 inches in breadth; and through these 
pass two other pieces, serving to keep fast a small board w, 
which by their means can be moved forwards or back- 
wards. 

Sd. At the top of the machine is a slit pmoq, 9 or 10 
inches in length, and 4 in breadth, to the edges of which 
are affixed two rules in the form of a dove tail : between 
these slides a board of the same lengthy having a round 
hole, of about 3 inches diameter^ in the middle, furnished 
with a nu^ that serves to raise or lower a tube about 4 
inches in height, which has a screw ccMrresponding to tiie 
nut. This tube is intended for receiving a convex glass. 

4th. The moveable board, above described» supports « 
square box x, about 7 and a half inches in breadth, and 10 
in height, the fore part of which can be opened by a small 
door, and in the back part of the box towards the bottom 
is a square aperture n, of about 4 inches in breadth, which 
may be shut at pleasure by a moveable board» 
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.5th. Above this square aperture is a slit parallel to the 
horizon, and which occupies the whole breadth of thé bozw 
It serves for introducing into the box a plane mirror, which 
slides between two rules so that the angle it makes with 
the horizon towards the door b is 112^o, or ^ of a right 
angle. 

6th. The same mirror, when necessary, may be placed 
in a direction perpendicular to the horizon, as seen at h, 
by means of a small iron plate adapted to one of its sides, 
and furnished with a screw which enters a slit formed in 
the top of the machine, and which may be screwed fast by 
a nut, 

'Tth. Within the box is another small mirror ll, which 
turns on two pivots, fixed a little above the slit of No. 5, 
and which, being drawn up or pushed down by tlie small 
rod s, may be inclined to the horizon at any angle what- 
ever. 

8th. That the machine may be supplied with air, a tube 
of tin-plate, bent at both ends, as seen fig. 8, may be fit* 
ted into one of the sides-: this will give access to the air 
without admitting light. But, if this should not be suf- 
ficient, a small pair of bellows, to be moved by the foot, 
may be placed below the seat, and in this manner the air 
may be continually renewed. 

The different uses of this machine are as follow. 

I. To represent objects in their natural situation. 

When objects are to be represented in this machine, ex* 
tend a sheet of paper on the table, or rather stretched on 
a frame, or you may employ a piece of strong card, and 
fix it in such a manner as to remain immoveable. 

In the tube c, (fig. 7) place a convex glass, the focus of 
which is nearly equal to the height of the machine above 
the table ; open the back part of the box x, and having 
removed the mirror h, as well as the board f, and the rules 
!)£> incline the moveable mirror ll, till it make with the 
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horizon an angle of nearly 45% if you intend to represent 
jDibjects at a considerable distance,* and which form a per* 
pendicular landscape. When this is done, all those ob« 
Jects which transmit rays to the mirror ll, so as to be re 
fleeted on the convex glass, will appear painted on the 
paper frame : the point where the images are most distinct 
may be found, if the tube which contains the lens be 
lowered or raised, by screwing it up or down. 

By these means any landscape, or view of a city, 6cc, 
may be exhibited with the greatest precision. 

n. To represent objects in such a manner, as to make that 
which is on the right appear on the left, and vice versa. 

The box x being in the situation represented in the 
figure, open the door b, and having placed the mirror H 
in the slit, and in the situation already mentioned No. 5, 
raise the mirror ll till it make with the horizon an angle 
of 224- degrees ; if the fore part of the machine be then 
turned towards the objects to be represented, which we 
here suppose to be at a considerable distance, they will 
be seen painted on the paper, but transposed from right 
to left. 

It may sometimes be useful to make a drawing where 
the objects are transposed in this manner *, for example, in 
the case when it is intended to be engraved ; for as the 
impression of the plate will transpose the figures from 
right to left, they will then appear in their natural posi- 
tion. 

HL To represent in succession all the objects in the neighr 
bourhodd, and quite around the machine. 

Place the mirror h in a vertical position, as seen in the 
^ure, and incline the mirror L at an angle of 45 degrees ; 
if the former be then turned round vertically, the lateral 
objects will be seen painted in succession on the paper, in 
m Y£ty pleasant manner. 
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It must here be obserred, Aat it will be necciwry to 
coTer the mirror h with aldnd of box madeof pasteboarl^ 
open towards the obfects^ and also towards the aperture ir 
of the box X ; for if the mirror h were left entirely ei« 
posedy it would reflect on the mirror l a great many lateral 
raysy which would considerably weaken the effect. 

IV. To represent the image cf paintings cr pints. 

âjŒlx the painting or print to the side of the board r, 
which is next to the mirror l^ and in such a manner that it 
may be illuminated by the sun. But as the object in this 
case will be at a very small distance, the tube mutt be fur- 
nished with a glass, baring its focal distance nearly eqiial 
to half the height of the machine above the paper : if the 
distance of the painting from the glass be then equal to that 
of the glass from the paper, the figures of the painting wiU 
be represented on the paper exactly of the same size. 

The point at which tl:» figures have the greatest dis- 
tinctness, may be found, by moving backwards or forwards 
the board f^ till the representation be very distinct. 

Some attention is necessary in regard to the aperture of 
the convex glass. 

In the first place, the same aperture may in general be 
given to the glass as to a telescope of the same length. - 

Secondly, this aperture must be diminished when the 
objects are very much illuminated ; and vice versa. 

Thirdly, as the traits appear more distinct when the 
aperture is small, than when it is large, if you intend to 
delineate the objects, it will be necessa^ry to give to the 
glass as small an aperture as possible ; but taking care not 
to extenuate the light : it will therefore be proper to have 
different circles of copper or of blackened pasteboard to 
be employed for altering the size of the aperture, accoid» 
ing to circumstances. 

R£MABK.-«'On the top of the Royal Observatory, at 
Greenwich, is an excellent camera obscura, capable of 
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ontainiDg 5 or 6 persons^ all viewing the exhibition to* 
ether. All the motions of the glasses are easily perfornw 
by one of the persons within, by means of attached rods; 
d the images are thrown on a large and smooth concave 
"Cable, cast of plaster of Paris, and moveable up and down 
as to sait the distances of the objects. 



PROBLEM in. 

V? explain the nature qf vision, and its principal phewnnena. 

Before we explain in what manner objects are perceived, 
mt will be necessary to begin with a description of the won- 
-^erful organ destined for that purpose. 

The eye is a hollow globe, formed of three membranes, 
"which contain humours of different densities, and which 
"produces in regard to external objects the same effect as 
"^fae camera obscura. The first or outermost of these mem» 
)>raneS| called the Sclerotica, is only a prolongation of that 
"which lines the inside of the eye-lids. The second, called 
the Choroides, is a prolongation of the membrane which 
covers the optic nerve, as well as all the other nerves. 
And the third, which lines the inside of the eye, is an ex- 
pansion of the optic nerve itself: it is this membrane, en- 
tirely nervous, which is the organ of vision ; for notwith- 
standing the experiments in consequence of which this 
function has been ascribed to the choroides, we cannot 
look for sensation any where else than in the nerves and 
nervous parts« 

In. the front of the eye the sclerotica changes its nature, 
and assumes a more convex form than the ball of the eye, 
iiorming here what is called the Transparent Cornea. The 
dioroides, by being prolonged below the cornea, must ne- 
ccsaarily leave a small vacuity, which forms the anterior 
sseceptacle.of the aqueous humour. This prolongation 
of the choroides terminates at a circular aperture well 
known under the name of the Pupil. The coloured part 
whieh surrounds. this aperture is called the Iris or ^ves^; 
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it is toiceptible of dilatation and contraction^ so tshat^ wbeii 
exposed to a strong light, the aperture of the pQ[Mi.con* 
tracts, and in a dark place it dilates. 

This aperture of the pupil is similar to that of the 
camera obscura. Behind it is suspended, by a circalar 
ligament, a transparent body of a certain consistence, and 
baying the form of a lens: it is called the Crystalline 
Humour, and, in this natural camera obscura, performs 
the same office as the glass in the artificial one. 

By this description it may be seen that, between the 
cornea and the crystalline humour, there is a sort of champ 
ber, diyided into nearly two equal parts, and another be» 
tween the crystalline humour and the retina. The first is 
filled with a transparent humour similar to water, on wfaidi 
account it has been called the Aqueous Humour. The 
second chamber is filled with a humour of the same con- 
sistence almost as the white of an egg : it is known by the 
name of the Vitreous Humour. All these parts may be 
seen represented plate S, fig. 9 ; where a is the sclerodcai 
6 the cornea, c the choroides, d the retina, e the apertnre 
of the pupil, ^tbe uyea, h the crystalline humour, tt the 
aqueous, kk the yitreous, and / the optic nerye. 

As it is eyident, from the aboye description, that the eye 
b a camera obscura, but more complex than the aitificiBi 
one before described, it may readily be conceived that the 
images of the external objects will be painted in an inyeri- 
ed situation, on the retina, at the bottom of it; and these 
images, by afiecting the neryous membrane, excite in the 
mind the perception of light, colours, and figures. If the 
image be distinct and liyely, the impression receiyed by the 
mind is the same ; but if it be confused and obscure, the 
perception is confused and obscure also: thisissuflhâently 
proyed by experiment. That such images really exist» 
may be easily shown by employing the eye of any animal» 
such as that of a sheep or bullock ; for if the back part of 
it be cut off, so as to kaye only the retina; and if the 
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«draeH of it be placed before the hole of a camera obscnrat 
die image of the external objects will be seen painted on 
Ae retina at the bottom of it. 

But it may here be asked, since the images of the ob« 
jects are inverted, bow comes it that they are seen in their 
propet position i This question can have no difficulty bnt 
to those who are ignorant of metaphysics. The ideas in* 
deed which we have of the upright or inverted situation of 
objects, in regard to.ourselves, as well as of their distance^ 
are merely the result of the two senses, seeing and touch- 
ing combined. The moment we begin to make use of our 
Qght, we experience by means of touching, that the ob- 
jects which affect the upper part of the retina, are to- 
wards our feet in regard to those that afiect the lower part, 
ubich touching tells us are at a greater distance. Hence 
is established the invariable connection that subsists be- 
tween the sensation of an object which affects the upper 
J)vt of the eye, and the idea of the lownesi^ of that 
object. 

Biit what is meant by lowness? It is being nearer the 
iower part of our body. In the representation of any ob- 
Jecty the image of the lower part is painted nearer that of 
Our feet than the image of the upper part : in whatever 
{>l«ce the image of our feet may be painted on the retina, 
thiB image is necessarily connected with the idea of in- 
•îdrity ; consequently, whatever is nearest to it neces- 
produces in the mind the same idea. The two sticks 
^sf the blind man of Descartes prove nothing here, and Des^ 
would certainly have expressed himself in the same 
Kriher, had he not adapted the doctrine of innate ideas, 

^iroscribed by modern metaphysics. 

] . 

PROBLEM IV. 

ZTo construct an artificial eye ^ for exhibiting and explaining 

all the plienomena of vision. 

This machine may be easily constructed from the fol- 

ion. ABDB is a hollow ball of wood (fig. 10 
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pi, 3), 5 or 6 inches in diameter, formed of tvo hemi- 
spheres joined together at lh, and in such a. manner, that 
they can be brought nearer to or separated from each 
other about half an inch. The segment ab of the anterior 
hemisphere is a glass of uniform thickness, like that of a 
watch; below which is a diaphragm, with a round hole, 
about 6 Unes in diameter, in the middle of it ; f is a lens, 
convex on both sides, supported by a diaphragm, and 
having its focus equal to fc when the two hemispheres are 
at their mean distance. In the last place, the part dce is 
formed of a glass of uniform thickness, and concentric to 
the sphere, the interior surface of which, instead of being 
polished, is only rendered smooth, so as to he semi-trans- 
parent. Such is the artificial eye, to which scarcely any 
thing is wanting but the aqueous and vitreous humours ; 
and these might be represented also, by putting into the 
first cavity common water, and into the other water charged 
with a strong solution of salt. But for the cxperiments 
we have in view, this is entirely useless. 

This small machine however may be greatly simpUSed 
by reducing it to two tubes of an inch and a half or two 
inches in diameter, one thrust into the other. The BrstjOr 
anterior one, ought to be furnished with a lens of about S 
inches focus ; hut care must be taken to cover the whole 
of it except the part nearest the axis, which may be done 
by means of a circular piece of card, having in the middle 
of it a hole about half an inch in diameter. The extremity 
of the other tube may be covered with oiled paper, which 
will perform the part of the retina. The whole must then 
be arranged in such a manner, that the distance of the 
glass from the oiled paper may be varied, from about 2 to 
4 inches, by pushing in or drawing out one of the tubes. 
A machine of this kind may easily be procured by any one, 
and at a very small expence. 

Experiment I. 
The glass or the oiled paper being exactly in the foci 
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bf tbe lens, if the machine be turned towards very distant 
objects, they will be seen painted with great distinctness 
on the vetina. If the machine be lengthened or shortened, 
till the bottom part be no longer in the focus of the leni^^ 
the objects will be seen painted, not in a distinct, but in a 
confused manner. 

Experiment II. 

Present a taper, or any other enlightened object, to the 
machine at~a moderate distance, such as 3 or 4 feet, and 
cause it to be painted in a distinct manner on the retina, by 
moring the bottom of the machine nearer to or fiirtber 
firom the glass. If you then bring the object nearer, it will 
«ease to be painted distinctly ; but the image will become 
distinct if the machine be lengthened. On the other hand, 
if the object be removed to a considerable distance, it will 
cease to be painted distinctly, and the image will not be- 
come distinct till the machine is shortened. 

Experiment III. 

A distinct image however may be obtained in-anotfaer 
manner, without touching the machine. In the first case, 
if a concave glass be presented to the eye, at a distance 
which must be found by trial, the painting of the object 
will be seen to become distinct, in the second case, if a 
convex glass be. presented to it, the same effect will be 
produced. 

- 'These experiments serve to explain, in the most sen- 
ile manner, all the phenomena of vision, as well as the 

^origin of those defects to which the sight is subject, and 
the means by which they may be remedied. 

^ ' Objects are only seen distinctly when they are painted 
Id a distinct manner on the retina ; but when the conforma- 
tion of the eye is such, that objects, at a moderate distance, 
are painted in a distinct manner, those which are much 
nearer, or at a much greater distance, cannot be< painted 
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with distinctness. In the first case, the point of distinct 
rision is beyond the retina ; and if it were possible to 
change the form of the eye, so as to move the retina far- 
ther from that point, or the crystalline humour fiurtlier 
from the retina, the objects would be painted in a distinct; 
manner. In the second case, the effect is contrary: the 
point of distinct vision is on this side of the retina ; and, 
to produce distinct vision, the retina ought to be brought 
nearer to the crystalline humour, or the latter neam to 
the retina. We are taught by experiment that in either 
case a change is produced, which is not mude witboolt 
some effort. But in what does this change consist? Is- it 
in a prolongation or flattening of the eye? or is it in a 
displacement of the crystalline humour? This has neviar 
yet been properly ascertained. 

In regard to nght, there are two defects, of a contrary 
nature, one of which consists in not seeing distinctly any 
objects but such as are at a distance ; and as this is gena^ 
rally a failing in old persons, those subject to it are called 
PresbytsB : the other consists in only seeing distinctly very 
near objects ; and those who have this failing are called 
Myopes. 

The cause of the first of these defects, is a certain con- 
formation of the eye, in consequence of which the image 
of near objects is only painted in a distinct manner beyond 
the retina. But the image of distant objects is'nearer than 
that of neighbouring objects^ or objects at a moderate di- 
stance : the image of the former may therefore fall on the 
retina, and distant objects will then be distinctly tettiy 
while neighbouring objects will be seen only in a rnnfiised 
manner. 

But to render the view of neighbouring objects diadncty 
nothing else is necessary than to employ a convex igbM» 
as has been seen in the third experiment: for a convex 
glass, by making the ^-ays converge sooner, bongs a dia* 
tinct image of the objects nearer; consequently it will 
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produce on the retina a distinct picture, which otherwise 
Would have fallen beyond it. 

In regard to the myopes, the case will be exactly the 
reverse. As the defect of their sight is occasioned by a 
conformation of the eye which unites the rays too soon, 
and causes the point where the image of objects mode- 
lateiy distant are painted with distinctness, to fall on this 
nde the retina, they will receive relief from concave glasses 
interposed between the eye and the object; for these 
glasses, by causing the rays to diverge, remove to a 
g f ftt er distance the distinct image, according to the third 
experiment : the distinct image of objects which was be- 
fore painted on this side the retina, will be painted dis» 
tinetly on that membrane when a concave glass is em- 
ployed. 

Besides, myopes will discern small objects within the 

rtach of their sight much better than the presbyt», or 

persons endowed with common sight; for an object placed 

il a smaller distance from the eye, forms in the bottom of 

it, a larger image, nearly in the reciprocal ratio of the 

distance. Thus a myope, who sees distinctly an object 

placed at the distance of 6 inches, receives in the bottom 

df the eye an image 3 times as large as that painted in the 

eye of the person who does not see distinctly but at the 

dwtance of 18 inches : consequently all the small parts of 

tiiis object will be magnified in the same proportion, and 

"Will become sensible to the myope, while they will escape 

observation of the presbytae. If a myope were in such 

as only to see distinctly at (he distance of half an 

y objects would appear to him W times as large as to 

persons of ordinary sight, whose boundary of distinct 

^fiskm is -about 8- inches: his eye would be an excellent 

TMjrrnnrnprj and he would observe in objects what persons 

<3i ordinary sight cannot discover, without the assistaxiee 

cf »that instram«itft< • - * 
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iGO APPARENT MAGNITUDE. 

PKOBLEH V. 

To eatue an object, whether seen near hand or at a great 
distance, to appear always of the same site. 

The apparent magnitude of objects, every thing else 
being alike, is greater according as the image of the object 
painted on the retina otcupies a greater space. But the 
space occupied by an image on the retina, is nearly pro- 
portioned to the angle formed by the extremities of the 
object, as may be readily seen by inspecting fig. 4 1 ; cott- 
sequently it is on the size of the angle formed by the ex- 
treme rays, proceeding from the object, which cross each 
other in the eye, that the apparent magnitude of the ob- 
ject depends. 

This being premised, let ab be the object, which is to 
be viewed at different distances, and always under the 
■ame angle. On ab, as a chord, describe any arc of a 
circle, as acdb : from every point of this arc, as a, c, o^ 
B, the object ab will be seen under the same angle, and 
consequently of the same size ; for every one knows that 
all the angles having ab for their base, and their summits 
in the segment acdb, are equal. 

The case will^be the same with any other arc, as kcds. 

PROBLEM VI. 

Two unequal parts of the same straight line being given, 

whether agacent or not; to find the point where they wiU 

appear equal. 

On AB and bc (fig. 12 pi. 3), and on the same side, coD' 
struct the two similar isosceles triangles afb and bqc; 
then from the centre f, with the radius fb, describe a 
circle, and from the point a, with the radius gb, describe 
another circle ; intersecting the former in d : the point d 
will be the place required, where the two lines appear 
equal. 

F9T, the cireular arcs abbd and scca are, hy construe- 
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^ùu, similar ; and hence it follows, that the angle abb is^ 
equal to bdc, as the point p is common to both the arcs. 
, Remabks. — 1st. There are a great many points, such 
as Df which will answer the problem ; and it may be de-< 
monstrated, that all these points are in the circumference 
of a semi-circle, described from the point i as a centre. 
This centre may be found by drawing, through the sum- 
pûtst p and g of die similar triangles afb and bgc, the line 
V0J till it meet ac produced, in i, 

£d. If the lines ab and bc form an angle, the solution 
of the problem will be still the same ; the two similar arcs 
described on ab and bc will necessarily intersect each 
other in some point d, unless they touch in b; and this 
point D will, in like manner, give the solution of the pro- 
blem. 

3d. The solution of the problem will be still the same, 
eiren if the unequal lines proposed, ab and bc (fig. 13 pi. 
4), are not contiguous ; only care must be taken that the 
ndii FB and pb, of the two circles, be such, that the cir^ 
cies shall at least touch each other. If ab =sa,Bbzz c, 
èc = b, and ac =zd zza+ b + Cy that the two circles touch 
each other, fb must be at least = 

.ab + ac+bc+c^ . .ab + cd 

^^- — -I — ' "^ **^-;;r-» 

and g6 = ^bV -^ , or iby/ ^ . If these 

fines be less, the two circles will neither touch nor cut 
each other. If they be greater, the circles will intersect 
fsach other in two points, which will each give a solution 
of the problem. Let a, for example, be ss 3, 6 =: 2» and 
<s 1 : in this case ob will be found ss ê/2 zz 1*4142, and 
SF = lv^2 =s 2*1213, when the circles just touch each 

oiher*. 

' 4th. In the last place, if we supposé three unequal and 

* A considerable elror in the original hat been here corrected, t^oth in the 
.fldgebraical exprestions and in the autneral valves. 

VOL. 11. ^ 
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tontiguous fines^ as ab, bc, cd (fig. 14 pi. 4)^ and iC thé 
point from which they shall all appear undef the satne 
angle^ be required^ find, by the first article, the cireani- 
ference bef &c, from every point of which the lines ab 
and Bc appear under the same angle; find also the arO 
CBO from which bc and en appear under the same angle^ 
then the point where these two arcs intersect each other, 
will be the point required. But to mak^ these two eirclea 
touch each other, the least of the giren fines must be be^ 
tween the other two, or they must follow each other in llûs 
order, the greatest, the mean, and the least. 

If the lines ab, bc, and cd be not contiguous, or in one 
straight line, the problem becomes too difficult to be ad» 
mitted into this work. We shall therefore leare it to tha 
ingenuity of such of our readers as have made a more 
considerable progress in the mathematics. 

PROBLEM VII. 

If AB he the length rf a parterre^ situateiJfefùte an €d^ke^ 
ike front of which wen, required the point m thatjreni 
from which the apparent magnitude of the parterre as 
wUl be the greatest (fig. 15 pi. 4). 

Take the height cs a mean proportional between cb 
and CA : this height will give the point required. For if 
a circle be described through the points a, b, b, it will 
touch the line ce, in consequence of a welUknown piro- 
per^ of tangents and secants. But it may.be readily 
seen that the angle abb is greater than any other a^b, the 
summit of which is in the line en; for die angle kCB is 
less than a^, which is equal to aeb. 

problem viii. 

A circle on a horizontal plane being given; it is reçuàred to 
find the position of the eye where its image on theperspec* 
•^ tioe plane wiU be stiU a circle. 

We here suppose that the reader is acquainted with tb^ 
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f^iidftmtntal principle oi perspective repreasiitailioii, wbick 
consists in supposing a vertical transfèrent plane between 
tkifi eye and the obiect, called the perspective plane. As 
fays are supposed to proceed from every point of the ob» 
Ject to the eye, if these rays leave traces on the vertical 
^ane, it is evident that they will there produce the same 
efect on the eye as the object itself, since they will paint 
Ae same image on the retina. The traces made by these 
WKfs are called the Perspective Image. 

Let AC (fig. 16 pi. 4) then be the diameter of the ciide 
pn the horizontal plane acf, perpendicular to the per« 
qpective plane; qb a section of the perspective plan«| 
and po a plane perpendicular to the horizon and to the 
tine AP) in which it is required to find tiie point o, where, 
if the eye be placed, the representation uc, of the birde 
AC» shall be also a circle. 

' If po be made a mean proportional between ap and €P| 
the point o will be the one required. 
'. For, if PA be to po, as po to pc, the triangles pad and 
INK> will be similar, and the angles pao and cop will be 
^i|iial : the angles pao and c^g, or pao and xco, will also 
lie equal ; hence it follows that in the small triangle oco, 
thé* angle at c will be equal to the angle oac, and the an- 
|{le at o being common to the triangles aoc and 4ioc, the 
edier two, ac« and cao, will be also equal : AO then will 
^ to CO, as CO to ^K> ; hence the oblique cone aco will be 
43at in a sub«contrary manner, or sub-contrary position, by 
-ftte vertical plane qb^ and consequently the new section 
wiH be a circle, as is demonstrated in conic sections* 

PBOBLEM IX. 

JVijf is the image of ike sun^ which passes mto a darkened 
apartment through a square or triangular hde^ alwmfs 
circular f 

problora was formerly proposed by Aristotle» who 
rerybad solution of it; for he aaîd.it aros^âronif 

M2 
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the rays of the sun affecting a certain roundness, winch 
they resumed when they had surmounted the reMraint 
imposed on them by the hole being of a different figure* 
This reason is entirely void of foundation. 
'. To account for this phenomenon, it must be obsénred 
that the rays proceeding from any object, whether Inoiiiw 
OÙS or not, which pass through a very small hole into 
a darkened chamber, form there an image exactly ûitiilat 
to the object itself ^ for these rays, passing through tbft 
same point, form beyond it a kind 6£ pyramid sitfiitar to 
the first, and having its summit joined to that of the firttj 
and which, being cut by a plane parallel to that of the 
object, must give the same figure but inverted. > 
, This being understood, it may be readily conceived tkat 
each point of the triangular hole, for example, paints on 
paper, or on the floor, its solar image round ; for everjc 
one of these points is the summit of a cone of which the 
solar disk is the base. 

i Describe then on paper a figure similar and eqoal to 
that of the hole, whether square or triangular, and frons 
every point of its periphery, as a centre, describe equal 
circles : while these circles are small, you will have at fint 
a triangular figure with rounded angles; but if the mag*» 
nitude of the circles be increased more and more, till the 
radius be much greater than any of the dimensions of the 
figure, it will be observed to become rounder and rounder^ 
and at length to be sensibly converted into a circle. - ; > 
; But this is exactly what takes place in the darkened 
apartment ; for when the paper is held very near to the 
triangular hole, you have a mixed image of the triangle 
and the circle ; but if it be removed to a considerable 
distance, as each circular image of the sun becomes then 
very large, in regard to the diameter of the hole, the 
image is sensibly round. If the disk of the sun were 
square, and the hole round, the image at a certsdn distance 
would^ ior the same reason, beasquarci or in genial 
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^h0 same figure as the disk. The image of the moon ^ 
therefore, wlien increasing, is always, at a sufficient di- ■ 
«tance, a similar crescent, as is proved by experience. 

PROBLEM X. 

I 

.To make an object which is too near the eye to be distinctly 
perceived^ to be seen in a distinct manner^ without the in- 
terposition of any glass. 

:. Make a hole in a card with a needle, and without chang- 
'ing the place of the eye or of the object, look at the latter 
.tbrough the hole ;; the object will then be seen distinctly, 
«nd even considerably magnified. 

* The reason of this phenomenon may be deduced from 
•the following observations: When an object is not di}- 
tidc^tly seen^ on account of its nearness to the eye, it is 
Jiecause the rays proceeding from each of its points, and 
•&lling on the aperture of the pupil, do not converge to n 
fioint, as when the object is at a proper distance: the 
'iniage of each point is a small circle, and aà all the small 
circles, produced by the çtifi^r^nt points of the object, en- 
:cr0iK:h on each other, all distinction is destroyed. But, 
•:frben the object is viewed through a very small hole, each 
.peocil of rays, proceeding from each point of the object, 
.has no other diameter than that of the hole; and conse- 
quently the image of that point is considerably confined, 
IB an extent which scarcely surpasses the size it would 
bave, if the object were at the necessary distance ; it must 
therefore be seen distinctly. 

PROBLEM XI. 

* - 

iWAen the eyes are directed in such a manner as to see a very 
. .distant ol^ect ; why do near objects appear double^ and 
-•. "cice versa? 

"» The reason of this appearance is as follows. When we 

^Ipo^ at an object, we are accustomed, from habit, to direct 

the opticatLaiLis of our eyes, towards that point which w;e 
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principally connder. As the images of objects are, ill 
other respects^ entirely similar, it thence resnlts that^ Im* 
ing painted around that principal point of the retina at 
which the optical axis terminates, the lateral parts of an 
object^ those on the right for example» are painted in each 
eye to the left of that axis ; and the parts on the left afe 
painted on the right of it Hence there ha9 been eat»- 
blished between these parts of the eye snch a correspcmd- 
ence, that when an object is painted at the same lime in 
the left part of each eye, and at the same distance from tiie 
optical axis, we think there is only one, and on the tiglM;; 
but if by a forced movement of the eyes we cause the 
image of an object* to be painted in one eye, on the 
of the optical axis» and in the other on the left, we 
double. But this is what takes place when, in directing 
our sight to a distant object, we pay attention to a nrigli- 
bouring object situated between the optical axes : it may 
l>e easily seen that the two images which are formed in As 
two eyes are placed, one to the right and the other to the 
left of the optical axis ; that is, on the right of it in the 
right eye, and on the left of it in the left. If the qfitieal 
axis be directed to a near object, and if attention be at the 
same time paid to a distant (Âject, in a direct line, the con- 
trary will be the case. By the efiect then of the habit, 
above mentioned, we must by one eye judge the objectto 
be on the right, and by the oAer to be on the left ; the two 
eyes are thus in contradiction to each other, and the object 
appears double. 

This explanation, founded on the manner in which we 
acquire ideas by sight, is confirmed by the following fact 
Cheselden relates that a man having sustained a hurt m 
one of his eyes by a blow, so that he could not direct die 
optical axes of both eyes to the same point, saw oil olgects 
double ; but this inconvenience was not tasting : the most 
femiliar objects gradually began to appear single, and his 
fight was at length restored to its natural statOi 
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* What takes place here in regard to the sight, takes place 
also in regard to the touch ; for when two parts of the body 
which do not habitually correspond, in feeling one and tha 
same object^ are employed to touch the same body, we 
imagine it to h% double. This is a common experiment- 
If one of the fingers be placed oyer the other, and if any 
small body, such as a pea for example, be put between 
them, so as to touch the one on the right side and the other 
OR the left, you would almost swear that you felt two peas. 
The explanation of thb illusion depends on the same prin* 
eiples. 

PROBLBM XII. 

To cause an olgecty seen dùtmctly, and mt/unU the inierpo* 

* iition of any opake or diaphanous body, to appear to the 
•. naked eye inverted. 

* Construct a small machine, such as that represented 
Hg. 17 pi. 4. It consists of two parallel ends, ab and cd, 
joined together jby a third piece ac, half an inch in breadth, 
and an inch and a half in length. This may be easily done 
by means of a slip of card. In the middle of the end ab 
nake a roui;Hl hole s, about a line and a half in diameter ; 
and in the ceatre of it fix the head of a pin, or the point 
of a needle, as seen in the figure : opposite to it in the 
other end make a hole f with a large pin ; if you then 
apply your eye to e, turning the hole f towards the light 
or the flame of a candle, you will see the head of the pin 
greatly magnified, and in an inverted position, as repre- 
sented at 6« 

The reason of this inversion is, that the head of the pin 
being exceedingly near the pupil of the eye, the rays 
which proceed from the point f are greatly divergent, on 
account of the hole f ; and instead of a distinct and in- 
verted image, there is painted at the bottom of the eye a 
kind of shadow in an upright position. But inverted 
images on the retina convey to the mind the idea of up- 
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right objects: conscqaently, as ibis kind et image is lip« 
r^faty it must conrey to the mind tbe idea of an inserted 
object. 

PBOBLEM XIII* 

To cause an object, wiihout ike mierposition of am/ hodjj^ to 
disappear from the naked eye, when turned towards it. 

For this experiment we are indebted to Mariotte : and 
though the consequences he deduced from it have not been 
adopted, it is no less sii^ular». and seems to prove a par* 
ticular £ïct in the animal economy. 

Fix, at the height of the eye, on a dark ground^ a small 
round piece of white paper, and a little lower, at the 
distance of 2 feet to the right, fix up another, of about S 
inches in diameter ; then place yourself opposite to the 
first piece of paper, and, hairing shut the left eye, retire 
backwards, keeping your eye still fixed on the first object : 
when you have got to tbe distance of 9 or 10 feet^ the se» 
cond will entirely disappear from your sight. 

This phenomenon is accounted for by observing, that 
when the eye has got to the above distance, the image of 
the second paper falls on the place where tbe optic nerve 
is inserted into the eye, and that according to every ap» 
pearance this place of the retina does not possess the pro» 
perty of transmitting the impression of objects ; for while 
the nervous fibres in the rest of the retina are struck di- 
rectly on the side by the rays proceeding from the objecta, 
they are struck here altogether obliquely, which destroys 
the shock of the particle of light. 

PROBLEM XIV. 

To cause an object to disappear to both eyes at once^ tkough 
it may be seen by each of tkein separately. 

Affix to a dark wall a round piece of paper, an inch or 
two in diameter, and a little lower, at the distance of two 
feet on each side, make two marks : then place yours^ 
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«iirectly opposite to the ]>aper, and hold the end of your 
£nger before your face in such a manner, that when the 
right eye is open, it shall conceal the mark on the left, and 
ivben the left eye is open, the mark on the right ; if you 
then look with both eyes to the end of your finger, the 
paper, which is not at all concealed by it from either of 
j^our eyes, will nevertheless disappear. 

This experiment is explained in the same manner as the 
former ; for, by the means here employed, the image of 
the paper is made to fall on the insertion of the optic nerve 
éûf each eye, and hence the disappearance of the object 
irom both. 

PROBLEM XV. 

^n cpticai gamey which proves that with one eye a person 
cannot judge well of the distance of an object. 

Present to any one a ring, or place it at some distance, 
and in such a manner that the plane of it shall be turned 
towards the person's face : then bid him shut one of his 
eyes, and try to push through it a crooked stick, of suflici- 
^nt length to reach it : he will very seldom succeed. 
' The reason of this difficulty may be easily given : it de- 
pends on the habit we have acquired of judging of the di- 
stances of objects by means of both our eyes ; but when 
we use only one, we judge of them very imperfectly. 

A person with one eye would not experience the same 
difficulty : being accustomed to make use of only one eye, 
he acquires the habit of judging of distances with great 
correctness. 

PROBLEM XVI. 

»4 person bom blind, having recovered the use of his sight / 

if a globe and a cube which he has learnt to distinguish by 

the touch are presented to him, will he be able on the first 

, view without the aid of touching ^ to tell which is the cube, 

>, arid which is the ^lobe f 
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' Tfaii is die fiunous problem of Mr. MolyneuXy which hm 
propooed to Locke, aod which has much exercised the in* 
genuity of metaphysicians. 

Both these celebrated men thought, not without reasoO) 
and it is the general opinion, that the blind man, on ac- 
quiring the use of his sight, would not be able to distin- 
guish the cube from the globe, or at least without the aid 
of reasoning ; and indeed, as Mr. Molyneux said^ though 
this blind man has learned by experience in ¥rfaat manner 
the cube and the globe affect his sense of touching, he 
does not yet know how those objects which affect the touch 
will affect the sight; nor that the salient angle, which 
presses on his hand unequally when he feels the cube, 
ought to make the same impression on his eyes that it does 
t>n his sense of touching. He has no means therefore of 
discerning the globe from the cube. 

The most he could do, would be to reason in the folkrw- 
ing manner, after carefully examining the two bodies on 
all sides : '^ On whatever side I feel the globe,* he wonld 
say, '^ I find it absolutely uniform ; all its faces in regard 
to my touch are the same ; one of these bodies, on what- 
ever side I examine it^ presents the same figure, and the 
same face ; consequently it must be the globe.'' But b not 
this reasoning, which supposes a sort of analogy between 
the sense of touching and that of seeing, rather too learned 
for a man born blind ? It could only be expected firooi a 
Saunderson. But it would be improper here to enter into 
further details respecting this question, which bas been 
discussed by Molyneux, Locke, and the greater part atûm 
modern metaphysicians. 

What was observed in regard to the blind man, restored 
to sight by the celebrated Chesdden, has since confirmed 
the justness of the solution given by Locke and Moly- 
neux. 

When this man, who had been born blidid, recovered his 
sight, the impressions be experiencedp immediately after 
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4be «^ration, were carefully observed ; and the following 
is a short account of theoi. 

When he began to see, he at first imagined that all ob- 
jects touched his eyes, as those with which he was ac- 
quainted by feeling touched his skin. He knew no figure, 
and was incapable of distinguishing one body from another. 
;He had an idea that soft and polished bodies, which af- 
cfeeted his sense of touching in an agreeable manner, ought 
to affect his eyes in the same way ; and he was much sur- 
•fnised to find that these two things had no sort of conneo- 
'^tion. In short, some months elapsed before he was able 
to distinguish any form in a painting ; for a long time it 
appeared to him a surface daubed over with colours ; and 
,he was greatly astonished when he at length saw his father 
-ki a miniature picture : he could not comprehend how so 
large a visage could be put into so small a space ; it ap- 
peared to him as impossible, says the author from whom 
:lhk account is extracted, as to put a cask of liquor into a 
pint bottle. 

raoBLEM xvit. 

•4 

.To construct a machine by means of which any oigects what^ 
e»er majf be delineated in perspective^ by any persogh 
thoiigh unacquainted with the rules of that science. 

The principle of this machine consists iu making the 
«point of a pencil, which continuaUy presses against a piece 
of paper, to describe a line parallel to that described by a 
ifMiint made to pass over the putlines of the objects, the. eye 
»liiitig in a fixed position, and looking through an ioi- 
'teoveable sight. 

i The frame t,t,t,t (fig. 18 pi. 5), supported in a per- 
•yendioular difection by the two pieces of wood so, so, 
passing through the two lower comers of it, is adapted for 
receiving a sheet of paper, on which the objects are to be 
traced out in perspective.. The paper is extended on it, 
*<luid bii|»t in thtit position by bcuog craiçnted a^ llmioiir 
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corners, eb is a cross bar perpendicular to die two pieces 
BO9 $G, and having at its extremity another piece kd, 
moveable on an axis at k. The latter serves to tapport 
the perpendicular rod dc, bearing a moveable sight ba, to 
which the eye is applied. 

The piece of wood np is moveable, and its extremity F 
is furnished with a slender point, terminating in a small 
button. Near its two extremities are fixed two paUeySp 
under which pass two small cords mm : these two corda 
are conveyed over the pulleys l, l, fixed at the comers 
T, T of the frame, and then around two horizontal ones 
B| E : by these means they fall on the other side of the. 
frame, where they are fastened to the weight q, wUch 
moves in a groove, so that when the weight q rises or fiUby 
the moveable piece of wood np remains always in a situa- 
tion parallel to itself. This piece of wood ought to be 
nearly in equilibrium with the weight, that it may be easily 
moved, when it Ls necessary to raise or to lower it a fitde: 
in the middle of it is fixed the pencil or crayon i« 

It may now be readily conceived that, if the eye be ap- 
plied to the hole a, and if the moveable piece of wood MP 
be moved, with the hand, in such a manner as to make the 
end p pass over the outlines of a distant object, the point 
of the pencil i, will necessarily describe a line parallel and 
equal to that described by the point p ; and consequently 
will trace out on the paper 0,0, against which it presses, 
the image of the object in exact perspective. 

This machine was invented by Sir Christopher Wren, a 
celebrated mathematician, and the architect who built St. 
Paul's. But if it be required to trace out any object what- 
ever, according to the rules of perspective, the very simple 
means described in the following problem may be em* 
ployed. * 

PROQLEM xviii. 

Another methoA^ hy wkkh a person may represent am o^etf 
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éi perspectiue, without any knowledge of the principles of 
the art. 

This method of representing an object in perspective 
requires, in the saoie manner as the preceding, no ac- 
quaintance with the rules of the art ; and the kind of ma- 
chine employed is much simpler ; but it supposes a con- 
siderable degree of expertness in the art of drawing, or at 
least enough to be able to delineate in one small space 
irliat is seen in another. 

To put this method in practice, construct a frame of sucU 
« rize, that when looking at thé object from a determinate 
Tftoint, it may be contained within that frame. Then fix 
the place of the eye before the frame, and, in regard to its 
]plane, in whatever manner you think proper. The best 
"position for the eye, unless you intend to make a drawing 
somewhat fantastical by the position of the objects, will be 
Sn a line perpendicular to the plane of the frame, at a 
^distance nearly equal to the breadth of the iVame, and at 
Hiie height of about two-thirds of that of the frame. This 
^lace must be marked by means of a sight or hole, about' 
ittiro lines in diameter, made in the middle of a square or 
circular vertical plane, of about an inch or two in breadth. 
Then divide the field of the frame into squares of an inch 
or two in size, by means of threads extended from the 
sides, and crossing each other at right angles. 
* Then provide a piece of paper, and divide it, bylines 
drawn with a black lead pencil, into the same number of 
fKjÛares as the frame. When these preparations have been 
sÂidè, nothing is necesfeary but to apply your eye to the 
sight above mentioned, and to draw in each isquare of the 
saper that part of the object observed in the correspond- 
ing square of the frame. By these means you will obtain 
an exact representation of the object in perspective ; for 
it is evident t^at it will be delineated such as it appears to 
tbft ey^, and perfectly simiilar tq the figure which woqlcl- 
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remain on any transparent substance extended on ihe 
frame^ if the rays^ proceeding from each point of the eb« 
ject to the eye, or the place of sight, should leave traces 
on that substance. The^object, or assemblage of otgectSi 
will therefore be represented in perspective with great 
accuracy. 

Rbmask.'— The same means may be employed to d^ 
monstrate, in a sensible manner, without the least know* 
ledge of geometry, the truth of the greater part of the 
rules of perspective ; for if a straight line be placed be- 
hind the frame, in a direction perpendicular to its planei 
you will see its image pass through the point of ûgbt^ or 
through that point of the plane of the frame which ecHore* 
spends to the perpendicular let fall from the eye on that 
plane. If the line be placed horizontally, and if you caïuè 
it to make an angle of 45 degrees with the plane of the 
picture, you will see the ima^e of it pass through one of 
those points called the points of distance* If this line be 
placed in any direction whatever, you will see its image 
concur with one of the accidental points* It is in these 
three rules that the whole of perspective almost consistai 

PROBLEM XIX. 

Of the apparent magnitude of the heavenly bodies an the 

horizon. 

It is a well known phenomenon that the moon and aunt 
when near the horizon^ appear much larger than wbem 
they are at a mean altitude, or near the zenith* Thia 
phenomenon has been the subject of much research to 
philosophers ; a6d some of them have given very bad eif» 
planations of it. i 

Those indeed who reason superficially, ascribe it to a 
very simple cause, viz, refraction; for if we look ob»- 
liquely, say they, at a crown piece immersed in water^ il 
appears to be sensibly magnified* But every body fcopwii — 
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th^t the rays, which proceed from the celestial bodies, ex- 
perience a refraction when they enter the atmosphere of 
^ earth. The sun and moon are then like the crown 
immersed in water. • 

But, those who reason in this manner do not reflect thaf^ 
if a crown piece immersed in a denser medium appears 
magnified to the eye situated in a rarer medium, the 
contrary ought to be the case when the eye is dtuated in 
a dense medium, while the crown piece is immersed in a 
laurer. A fish would see the crown piece out of the water 
much smaller than if it were in the water. But we are 
f^ced in the dense medium of the atmosph^e, while the 
moon and sun are in a rarer. Instead therefore of ap« 
fiearing larger, they ought to appear smaller; and this 
indeed is the case, as is proved by the instruments em* 
{lloyed to measure the apparent magnitude of the cdestial 
bodies: these instruments show that the perpendicular 
diameter of the sun and moon, when on the horizon, is 
fbortened about two minutes, which gives tbem that oval 
form, pretty apparent, under which they often appear. 

The cause of this phenomenon must therefore be sought 
for in a mere optical illusion; and in our opinion the 
following explanation is the most probable. 
. When an object paints on the retina an image of a deter^^ 
hiiaate size, the object appears to us larger, according as 
y^ judge it to be at a greater distance; and tfab is the 
08B8equence of a tacit reasoning pretty just ; for an object 
which, at the distance of 600 feet, is painted in the eye 
imder the diameter of a line, must be much larger than that 
which is painted under the same diameter, though only at 
ibe distance of 60 feet. But when the sun and moon are 
on the horizon, a multitude of intervening objects give us 
sjk idea of great distance ; whereas when they are near 
ihe-Benith, as no object intervenes, they appear to be nearer 
OS. In the former situation then they must excite an idea 
^magiâtadeyquite difierent from what they do in the latter. 
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We must however confess that this expbutiition fo aU 
tended with some difficulties. 

1st. When we look at the moon on the horizon ihrougU 
a tube, or through the fingers bent into the form of one^ 
the size of it appears to be much diminished, though the 
fingers conceal the intervening objects in a very imperfect 
manner. 2d, we often see the moon rising behind a hill 
at a small distance, and on such occasions she appears to 
be exceedingly large. 

These facts, which seem to overturn the explanadofl 
before given, have induced other philosophers to en^ 
deavour to find out a different one. The following is that 
of Dr. Smith, a celebrated writer on optics. - ' 

The celestial arch does not exhibit to us the appeantnoè 
of a hemisphere, but that of a very oblate surface, tli6 
elevation of which towards the zenith is much less dian its 
extension towards the horizon. The sun and moon also 
appear under the same angle, whether at the horizon or 
near the zenith. But the intersection of a detenmbttle 
angle, at a mean distance from the summit, is less than at 
a greater. The projection therefore of the sun and mooD^ 
or their perspective image on the celestial arch, is less at 
a great distance from the horizon than in the neighboui^ 
hood of it. Consequently, when at a distance from the 
horizon they must appear less than when they are near itw 

This explanation of the phenomenon is very specioor. 
But may it not here be asked, why these two imites, 
though seen under the same angle, appear one g^reater 
than the other ? Are we not still obliged to have recourse 
to the former explanation ? But for the sake of brevity 
we shall leave the discussion of these two questions to the 
reader. 

It is sufficient that it is fully demonstrated that this ap^ 
parent magnification is not produced by a larger image 
painted on the retina. In regard to the moon, it is eveQ 
somewhat less; since that luminary, when on the horizon^ 
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i^ father from us, by about a seipi-diameter of the earth, 
€>r a 60th part, than when she is very much elevated above 
th» horizon. In short, this phenomenon is merely an 
optical illusion, whatever may be the cause, which is still 
-very obscure, but in our opinion it seems to depend chiefly 
o9 tho idea of great distance excited by the intervening 
^bfecti, 

PROBLEM XX. 

On the converging appearance of parallel rows of trees. 

The phenomenon which is the subject of this problem^ 
Is» well known. Every person must have observed, that' 
lien at the extremity of a very long walk, planted on 
fide with trees, the sides iost^td of appearing paralld, 
l^btj really are, seem to converge towards the other end. 
e^atQ is the same with the ceiling of a long gallery; 
iUMl indeed when it is necessary to represent these objecta 
jpei^pective, the sides of the walk or ceiling must be - 
fit^ented by converging lines; for they are really so- 
ivx the small image or picture painted at the bottom of the 



Olther considerations however are necessary, in order to 
Si'H» at. complete explanation of the phenomenon; for a» 
^b% apparent magnitude of objects is not measured by the 
<^^ 'magnitude of the images painted in the eye, but is 
^l^ivijfji the result of the judgment formed of their distance 
^J^.tbe mind, combined with the magnitude of the image 
Pt)MOBl in the eye, the sides of a walk are far from appear*! 
lUg to converge with so much rapidity, as the lines which 
^Oni tfaéimage c^ them in the perspective plane, or in the 
^y^' M. Bonguer first gave a complete explanation of 
^liat takes place on this occasion : it is as follows : 

As the ceiling of a long gallery appears to an eye, placed 
^t: one extremity of it^ to become lower, the case is the 
^^«le with a long level walk, the side» of which areparaliel ; 
^he plane of that walk, instead of appeiMiring horizMltl, 
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seems still to rise. For the same reason, as when, on tiie 
sea shore, the water appears like an iDclioed plane wUch 
threatens the earth with an inondation. Some snperstitH 
oas persons, little acquainted with the principles of phU 
losophy, have considered this inclination as re^, and Ûm 
apparent suspension of the waters as a visible and cob» 
tinned miracle. In like manner, in the middle of an ioh 
mense plain we see it rise around us, as if we were at the 
bottom of a very broad and shallow funnel. M. Bougi^er 
has taught us a very ingenious method of determining thii 
apparent incUnation; but it will be sufficient here to mj 
thaty to most men, it is about 2 or 3 degrees. 

Let us then suppose two horizontal and parallel lines, 
and an inclined plane of 2 or 3 degrees passii^ below ov 
feet: it is evident that these two horizontal lines will ap* 
pear to our eye as if projected on that inclined phuie. 
But their projection on that plane will be two lines coa» 
curring in one point, viz, that where the horixontaldimwD 
from the eye would meet it. We must therefore see ihew 
lines as convergent. 

It thence follows, that if, by any illusion peculiar to the 
sight, the plane where the parallel lines are situated, In- 
stead of appearing inclined jipwards, should appear de- 
clined downwards, the sides of the walk would appev 
divergent. This Dr. Smith, in his Treatise of Optio, 
says, is the case with the avenue at the seat of Mr. Norths 
in the county of Norfolk. But it is to be wished that Dr. 
Smith had described, in a more minute manner, the position 
of the places. 

However, we shall solve according to these principles 
another curious problem, which has been much celebrated 
among opticians. 

PROBLEM XXI. 

In what manner must we proceed to trace out an avenue, 
the sides of which, when seen from one of its extrendHes^ 
ihaU appear paraUelf 
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Suppose an inclined plane of two degrees and a .half, 
and that two parallel lines are traced out on it. From the 
eye, suppose two planes. passing through these lines, and 
irhich being continued cut the horizontal plane in tw.o 
other lines; these two lines will be convergent, and if 
continued backwards will meet behind the spectator. 

Nothing then is necessary but to find this point of con- 
currence, which is very easy ; for any one, in the least ac- 
qoainted with geometry, must perceive that it is the point 
Wbete a line drawn through the eye, parallel to the above 
inclined plane, and in .the direction of. the middle of ,tbe 
avenue, meets with the horizontal plane. Let it line then 
inclined to the horizon two or three degrees, be drawn 
through the ^ye of the spectator, and m the vertical plane 
passing through the middle of the^ avenue; the point 
it meets the horizontal plane will be that where the 
jBides of the avenue must unite. If from this point 
fore, two straight lines be drawn through the. two ex- 
lities of the initial breadth of the avenue, they will 
%rkbe out where all the trees ought to be planted, so as to 
mpfpesLt to form parallel sides. 

-^!ïlf the height of the eye be supposed equal to 5 feet, 
mhd the breadth of the oooynencement of the avenue to 
l»e-36, the point of concurrence will be found by calcu- 
lation ^o be 102 backwards, and the. angle formed by the 
4Aâ0B,ot the avenue ought to be about ^18 degrees. It is 
sfiflfeuk however to believe, that lines which form so sensir 
life ftn angle will ever appear parallel to an eye within 
tliem, in whatever point it may be placed. 

PROBLEM XXll. 

— ■ ■ # ■ « 

To form a picture which, according to the side on which it is 
viewed, shall exhibit two different subjects. 

Provide a sufficient number of small equilateral prisms, 
a^few. lines only ^in breadth, and in liength. equal to the 
lieight of the painting which you intend to make, and place 
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them all t^ose to eacli other oti the ground to be occupied 
by the painting. 

Then cut the painting into bands equal to each of the 
faces of the prisms, and cement them, in order, to the faces 
of the same side. 

When this is done, take a painting quite different from 
the former, and having divided it into bands in the same 
manner, cement them to the faces of the opposite side. 

It is hence evident, that when on one side you can see 
only the faces of the prism turned towards that side, one 
of the paintings will be seen; and if the picture be looked 
at on the opposite side^ the first will disappear, and the 
second onty will be seen. 

A painting may even be made, which when seen in front, 
and on the two sides, shall exhibit three different subjects. 
Fi»* this purpose, the picture of the ground must be cut 
into banda, and be cemented to that ground in such a 
manner, that a space shall be left between them, equal to 
the thickness of a very fine card. On these intervals raise, 
in a direction perpendicular to the ground, bands of the 
same card, nearly equal in height to the interval between 
them ; and on the right faces of these pieces of card cement 
the parts of a second painting, cut also into bands. la 
the last place, cement the parts of a third picture, cut in 
the same manner, on the left faces of the pieces of card. It 
is evident that when this picture is viewed in front, at a 
certain distance, the bottom painting only will be s 
but if you stand on one side, in such a manner tbu Ùx 
height of the slips of card conceals from you the bottom^^^ 
you will see only the picture cemented in detached portiona 
to the faces turned towards that side: if you more to tb^ 
other side, a third painting will he seen. 




ODLEM XXIII. 



To describe on a plane a distorted figure, which when tee^ 
Jrom a determinate point shall appear in its just f 
tions. 
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. A figurei such for examj^ as a head, may be disgaisodi 
that is to say distorted, in such a manneri as to exhibit no 
proportion, when the plane on which it has been drawn is 
fÎBwed in front ; but when viewed frooj a certain point it 
shall appear beautiful, that is to say in its just proportions» 
This may be done in the following manner: 

Haying drawn on a piece of paper, in its just propor» 
tiMB, the 6gure you intend to disguise, describe a square 
Wooud it, as ABCD (fig. 19 pi. 5), and divide it into several 
#llier small squares, which may be done by dividing thm 
aides into equal parts, for example seven, and then draw* 
lug straight lines through the corresponding points of 
division, as the engravers do when they intend to make a 
jNidttced drawing from a picture. 

Then describe, at pleasure, on the proposed plane^ a 

'jMunUlelogram bbfg, and divide one of the two. shorter 

-«des, as so, into as many equal parts as nc, one of the 

' ^ides of the square abcd, which in this case are seven« 

. J)ivide the other side bf, into two equal parts, in the point 

Up and draw from it to the points of division of the opposite 

4ide BO, as many str^ght lines, the two last of which will 

he HE and ho. 

Having then assumed a^ pleasure, in the side bf, the 
point I, above the point h, as the height of the eye above 
the plane of the picture, draw from i to the point b, the 
itmight line bi, which will cut those lines proceeding from 
tl» point H, in the points 1, 3, 3, 4, 5, 6, 7. Through 
ftese points of intersection draw straight lines parallel to 
«idi other, and to the base Bo of the triangle boh, which 
will thus be divided into as many trapeziums as there are 
little squares in the square abcd. Hence, if the figure in 
the square abcd be transferred to the triangle eoh, by 
mddng those parts of the outline contained in the different 
IMural squares of abcd, to pass through the correspond- 
ing trapeasiums or perspective squares, the figure will be 
fsnnd Kbbedistorted. .But it may be jeen exactly, like its 
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?y^ provided what is called the point of sight be in the 
Une SF^ or not only in ef, but in the continuation of it on 
both sides; the object, of which the quadrilateral abod \% 
the perspective representation, will be a parallelograou 
. For, all persons, acquainted with the rules of perspec* 
tive, know that lines parallel to each other on a horizontal 
plane, when represented in perspective meet in one point 
of the line parallel to the horizon, drawn through the point 
of sight. Thus, all the lines, perpendicular to the ground 
lixie, meet in the point of sight itself: all those which form 
with that line an angle of 45% concur in what is called the 
points of distance; and those which form a greater or less 
angle, concur in other points, which are always determined 
by drawing fi*om the eye to the picture a line parallel to 
those of which the perspective representation is required. 
All the lines then, which in the picture concur in points 
ntuated in the line of the point of sight, are images of 
horizontal and parallel lines. Thus, the lines on the hori- 
zontal plane, which have as representatives in the picture 
the lines bc and ad, are parallel; and the case is the same 
with those which give the lineal images ab and dc. But 
two pairs of parallel lines necessarily form, by their inter- 
section, a parallelogram. * The object then of which the 
quadrilateral abcd is the image, to an eye situated in the 
line FE, wherever the point of sight may be, is a paral» 
lelogranu 

.. This being demonstrated, we shall first suppose that the 
Required object is a rectangle. To find in this case thé 
place of the eye, divide the distance fe into two equal 
parts in I, and suppose the eye situated in such a manner 
tibat the perpendicular, drawn from its place to the paint- 
ing, shall {all on the point i; and that the distance is 
^oal to IB or if: tbe points F and i will then be what, 
jn the language of perspective, is called the points of 
distance. Continue the lines cb. and cd to o and b in 
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the ground line: the lines hcf and abf will be the iUnstgeê 
of the lines which form with the ground line angles' of 45 
degrees. The case will be the same with those of wbieh 
GOB and ADE are the images. If the indefinite lines nic 
and A&, inclined to the ground line at an angle of 45 de- 
grees, be then drawn on the'^ one side, and oh the odker, 
and in a contrary direction, the lines obc and Ad, incHned 
also at half a right angle, these lines will necessariljr mèèt 
at right angles^ and form the rectangle Abed. 

If the point of aght be supposed in another pdnti'fef 
example £, that is, if we suppose the eye to be direcdy 
opposite to the point e, and at a distance equal to sVy 
after drawing el and fm perpendicular to the grottrid 
line in the plane of the picture, we must draw to the samô 
ground line, in the horizontal plane, the perpendicular 
liN, equal to ek, and then the line nm, making with die 
ground line the angle lmk. If we then draw to the points 
6 and A the indefinite perpendiculars aA and ok, and 
through the points a and h the indefinite lines hk and Aj8, 
making with the ground line angles equal to lien, and in 
a contrary direction; these two pairs of lines will meet in 
jSj K, A, and evidently form an oblique parallelogram, which 
will be the object of which bcda is the representation, to 
an eye situated opposite to e, and at a distance from Ae 
picture equal to ek. 

If the sides Ab and cd, in the rectangle Abed, were 
divided into equal parts by lines parallel to the other sides, 
it is evident that these parallels, being continued, woaU 
cut the line ag into as many equal parts. The case wqald 
be the same with lines parallel to Ab and ed dividing into 
equal portions^ the sides Ad and be: the line ah would 
likewise be divided by them into equal parts. Thus 
have^the means of dividing the trapezium abcd, if 
8ary,'into lozenges, which would be the representatioii of 
the squares into which Abed might be divided* 
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AaJH gfare hereafter Ûie ncivLÛtm oi^ t«iy -Mriodt 
prohknoi ia regard to oroamental gafdenilig^ which iM « 
aoBteqfueoce of the one here solred. 

• * 

OF PLANE MIRBOBS. 

Plane mirrors are those the reflecting surface of which 
is phuae ; as is the case with the common glass mirrors used 
for decorating apartments. Plane mirrors may be made 
also of metal. Of this kind were those of the ancients ; 
but since the invention of glass, metallic mirrors are never 
wed, except small ones for certain optical instruments, 
where it is necessary to avoid the double reflection pro- 
dvced by glass, one from the anterior and the other from 
die posterior surface. It is the latter which gives the live- 
liest knge ; for* if the silvering be scraped from the bade 
of a mirror, you will see the bright image immediately dis- 
i^pear, almost entirely, and that which remains in its 
place will scarcely be equal to that produced by the nearer 
surface. 

• 3ttt in catoptrics, in general, the two surfaces of a 
mirror are supposed to be at such a small distance from 
«ach other, as to produce only one image; otherwise the 
detenninations given by this sdence would require to be 
gveatly modified. 

PROBLBM XXV. 

4.p^int of the object b, and the piece ^ the tjf» Ayteit^ 
■^igiven; to find the point of teflectian on the surface qfu 
ixpiane mirror J (fig. 21 pi. 6). 

"^Through B, the given point of the object, and a, the 
phce of the eye, conceive a plane perpendiciilar to . the 
imrror, and cutting it in the line cd: from the point b, 
draw SB perpendicular to cd» and continue it to f, so that 
HF and DB shall be equal: if through the points F and Aj 
the line af be drawn, intersecting cd in b, the point e 
will be the point of reflection: bb will be the incident 
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say; XA the reflected ray; and bed, the angle of ind- 
dencei and abc, the angle of reflection, will be ëquaL 

For it is evident, by the construction, that the angles 
BED and DBF are equal ; but the angles def and aec are 
also equal, being vertical angles ; therefore &c* 

problem XXVI. 

The same supposition being made as before; to find the place 

of the image of the point b. 

The place of the image of the point b is exactly in the 
point F. But we shall not assign as the reason what if 
commonly given in books on catoptrics, viz, that in mirrorft 
of every kind the place of the image is in the continuation 
of the ipeflected ray, where it is intersected by the perpeiw' 
dicular drawn from the point of the object to the reflecting 
surface: for what eflect can this perpendicular, which is 
merely imaginary, have to fix the image, in this manner, 
in the point where it meets with the reflected ray coin 
tinned, rather than in any other point ? This principle 
then is ridiculous, and void of foundation. 

It is however true that, in plane mirrors, the place where 
the object is perceived, is in the point where the above 
perpendicular meets with the reflected ray produced; but 
this is accidental, and the reason is as follows. 

All the rays which emanate from the object b, and are 
reflected by the mirror, meet, if produced, in the point y : 
their arrangement then, in regard to the eye, is the siame 
as if they proceeded from the point f. Consequently 
they must make the same impression on the eye, as if the 
object were in f; for the eye would not be otherwise 
affected if they really proceeded from that point. 

Hence it may be concluded that, in a plane mirror, the 
object appears to be as far behind, as it is distant from the 
mirror. 

It therefore follows, that af, the distance of the imag^ 
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V from the eye, is equal to the sum of be, thé fay of indU 

deoce, and ae the ray ofreflection^ since bb and bf are 

equal; ' 

^ -It thence follows also, that when the plane mirror is 

parallel to the horizon, as cd, a perpendicular. object, such 

as BD, must appear inverted. 

' - In the last place, when we look at ourselves in a mirror, 

the left seems to be on the right, and the right on the left» 

FROBKEM XXVII. 

Several phne mirrors being given, and the place of the eye, 
and of the object; to find the course of the ray proceeding 
from the object to the eye, when rejkcted two, three, op 
four times. 

Let there be two mirrors, ab and cd,- (fig. 22 pL 6), and 
let OFE be the perpendicular, drawn from the object o to 
the mirror ab, and continued beyond it, so that fb be 
equal to of ; and let shi be the perpendicular drawn from 
the eye to the mirror cd, and continued till hi be equal to 
Bs; join the points i and e by the line ei, which will 
intersect the mirrors in g and k ; and if the lines og, ok, 
and KS be then drawn, they will represent the course of 
the ray, proceeding from the 43oint o to the eye by two 
^reflections. 

Or, from the point e, the first part of the construction 
remaining the same, let fall, on the mirror cd> the perpen- 
dicular ELM, and continue it beyond it, till lm be equal to 
LE ; draw the line sm, intersecting cd in k; and from the 

S oint K, the line ke, intersecting ab in g : if go be also 
rawn, the lines og, gk, and ks will represent the course 
of the ray proceeding from the point o, and conveyed to 
the eye by two reflections. 

In this case, the point m will be the image of the point 
6, and the distance s m will be equal to the sum of the rays 
SK, KG, and go. 
' If we suppose three mirrors, and three reflections, the 
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conrtm which die incideiit ray iniist -pursue^ in order to 
Btach the eye, may be found in the same manner^ Fat 
this purpose, let ox (fig. 23 pi. 7) be the perpendkvhv 
^huwn from the object to the mirror ab, and let hi be 
equal to BO. From ^ point i draw is perpendicidacto 
CBj produced if necessary, and make km equal to Hit 
from the point k let fall on do produced the perpeodionbur 
XHi and continue it to l^ so that ln shall be equal to kk S 
' draw sL, which will intersect cd in o, and from the point 
o the line gk, which will intersect cb in f ; if the line Fly 
interseeting ab in e, be then drawn from the point f, and 
aiso'the line so, then the line so will be that according" to 
which the incident ray must fall on the first mirror, to 
reach to the eye s, after three reflections at s, f, and o» 

In this case the point l will be the apparent place of 
the image of the object, to an eye situated in s; and the 
distance sl will be equal to so, of, fe, and eo, taken all 
together. 

.The application of this problem is generally shown al 
the game of billiards ; but as we have already treated thai 
subject, under the head mechanics, the reader is referred 
to that article. 

problem XXVIII. 
Various properties of plane mirrors. 

!• In plane mirrors, the image is always equal and similar 
to the object. For it may be easily demonstrated, that as 
each point of the image seems to be as far witl^n the mirror 
as the object is distant from it, each point of the image is 
similarly situated, and at an equal distance in regard to.aD 
the rest, as in the object : the result must therefore neces- 
sarily be the equality and similarity of the image and 
object. 

II. In a plane mirror, what is on the right appears in 
the object to be on the left, and vice versa. This may be 
easily proved in the following manner. If a piece ol 
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eoamuHi writiag be held before a mirror, it cannot be read : 
na the word gsneral, for example, will appear und^ 
this form, la^reneg*; but, on the other hand, if the 
latter word be presented to the mirror gbnebal will 
^pear* This affords the means of forming a sort of secret 
writing ; for if we write from right to left, it cannot be 
read by those ignorant of the artifice ; but those acquaint- 
ed with it by holding the writing before a mirror, will see 
k appear like common writing. This method however 
most not be employed for concealing secrets of great im^ 
portance, as there are few persons to whom it is not known* 
in. In a plane mirror, when you can see yourself at 
fall length) at whatever distance you remove from it, you 
will always see your whole body; and the height of the 
mirror occupied by your image will always be equal to the 
lialf of your height. 

IV. If one of the sun's rays be made to fall on a plane 
mirror, and if an angular motion be given to the mirror^ 
the ray will be seen to move with a double angular motion ; 
10 that when the mirror has passed over 90*, the ray will 
have passed over 180^. 

V. If a plane mirror be inclined to a horizontal surface» 
at an angle of 45*, its image will be vertical. 

VI. If two plane mirrors be disposed parallel to each 
other; and if any object, such as a lighted taper, be placed 
between themi ; you will see in each a long series of tapers» 
which would be extended in infinitum, did not each image 
become fainter in proportion as the reflections» by whidtt 
they are produced, become more numerous. 

VII. When two mirrors are disposed in such a manner 
as to. form. an angle of at least 120^, several images will be 

• This is 9L mistake; the letters indiyiduall^ will be inverted as well as 
the wordf and instead of LARENEG it will be «lAJSSFffiTD» as iMiy be 
profed bjr trial: io use this artifice therefore for secret writing it would b» 
aaeeasarir to inrait the fbape.of each letter at weQ tm iupwicioii'.ia.tli» 
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seen, according to the position of the eye. If the angle <rf 
the mirfors be diminished, without changing the place of 
the eye, these images will be seen to increase in number^ 
as iJFthey emerged from behind an opake body. 

It must be observed, that all these images are in the cir- 
cumference of a cijrcle, described from the point where the 
mirrors meet, and passing through the place of the object. 

Father Zacharias Traber, a Jesuit, in his Nervus Opticus, 
and Father Tacquet, in his Optics, have carefully cr^ 
amined all the cases resulting from the different angles^ 
of these mirrors^as well as from the different positions o£ 
the eye and the object. To these we refer the reader; - 

VIIT. When a luminous object, such as the flame of a- 
taper, is viewed in a plane glass mirror of some thickness,' 
several images of that object are perceived; the first of 
which, or that nearest the surface of the glass, is less 
brilliant than the second ; the latter is the most brilliant- of 
the whole ; and after it, a series of images less and less 
brilliant are observed, to the number sometimes of fire or 
six. 

The first of these images is produced by the anterior 
surfade of the glass, and the second by the posterior, which 
being covered with tin-foil, must produce a more lively 
reflection: it is therefore the most brilliant of the whole. 
The rest are produced by the rays of the object, which 
reach the eye after being several times reflected from the 
anterior, as well as posterior, side of the mirror. This 
phenomenon may be explained as follows. 

Let vx (fig. 24 pi. 7) be the thickness of the glass, a the 
object, and o the place of the eye, which we shall suppose 
to be both equally distant from the mirror. Of all the 
small bundles of incident rays, there is one ab, which 
being reflected by the anterior surface in b, is conveyed 
to the eye by the line bo, and forms at a' the first image 
of the object. Another, as ac, penetrates the glass, and. 
being refracted into the line en, is wholly reflected inta 
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B£, oh account of the opacity of the posterior side of the 
mirror, and being again refracted at £ proceeds to o, and 
forms at a'' the liveliest image of the point a. 

Another small bundle af penetrates also the glass^ is re- 
fracted along the line fo, and reflected in the direction of 
OB» from which a part of it issues, but cannot reach the 
eye ; the other part is reflected in the direction bh, and 
then into hi, from which a small part is still reflected^ but 
the remainder issues from the glass and b refracted in the 
direction of the line lo, by which it reaches the eye : con* 
sequently it produces the third image, at è!"^ weaker than 
the other two. 

The fourth image is formed by a bundle of incident 
rays, which experience two refractions like the rest, and 
fiire reflections, viz, three from the posterior surface of the 
^lass, and two from the anterior. In regard to the fifth, it 
^requires two refractions, and seven reflections, viz, three 
firom the anterior surface, and four from the posterior ; 
nnd so of the rest. It may hence be easily conceived how 
xnuch the brightness of the images must be diminished» 
«nd therefore it is very uncommon to see more than four 
^x five. 

PROBLEM XXIX. 

3lo dispose several mirrors in such a manner ^ that you can 
see yourself in each ofthem^ at the same time. 

It may be readily conceived that, to produce this effect» 
nothing is necessary but to dispose the mirrors on the cir- 
cumference of a circle, in such a manner, that they shall 
correspond with the chords of that circle ; if yon then 
place yourself in the centre, you will see your image ia 
all the mirrors at the same time. 

- Rbmark.— -If these mirrors are disposed acéording ta 
the sides of a regular polygon « of an equal number of 
fides, such as a hexagon or octagon, which aeem to be 
fittest for the purpose, and if all the mirrors are perfectly 
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vertical and plane, they will form a kind of cabinet, ■which 
will appear of au immense extent, and in whatever part 
of it you place yourself, you will see your image, and 
immensely multiplied. 

If this cabinet be illuminated in the inside, by a lustre 
placed in its ceatre, it will exhibit a very agreeable spec- 
tacle, as you will see long rows of lights towards whatever 
side your sight is directed. 

PROBLEM XXX. 

To measure, by means of reflection, a vertical height^ the 
bottom of •which is inaccessible. 

We shall here suppose that ab (fig. 25 pi. 1) the vertical 
height to be measured, is that of a tower, steeple, or such 
like. Place a mirror at c, in a direction perfectly hori- 
zontal; or, because this is very difficult, and as the least 
aberration might produce a great error in tbe measure- 
ment, place in c a vessel containing water, which will re- 
flect the light in the same manner as a mirror. The eye 
which receives the reflected ray being at o, measure with 
care the height od above tbe horizontal plane of the mirror 
at c; measure also dc as well as cb, if the latter is ac- 
cessible, and then say; As cd, is to do, so is cb to a 
fourth proportional ba, which will be the height required. 

But if the bottom of the tower be not accessible, to 
measure the height ab, we must proceed as follows : 

Having performed every part of the preceding opefa- 
tion, except measuring cb, which by the supposition is 
impossible, take another station, as c, and place there a 
mirror, or vessel of water : then taking tyour station in àf 
from which you caii see the point a, by means of the re- 
flected ray ce, measure cd and do. When this is done, 
you must employ the following proportion: As the difl«r- 
ence between cd and cd is to cd, so is cc, the distance be- 
tween the two points of reflection, to a fourth proportioual^ 
which will be tbe distance bc, before unknown. 



When BC is known y nothing is necessary but to make 
tise of the proportion indicated in the first case, to give 
the height ab. 

We do not consider this operaEtion as susceptible of 
jDUcb accuracy in practice. Methods purely geometrical^ 
if good instruments are employed, ought always to be 
preferred ; but we should perhaps have been considered 
as guilty of an omission had we taken no notice of this 
geometrico-catoptric speculation, though it has never per- 
liaps been put in practice. 

PROBLEM XXXI. 

To measure an inaccessible height by mean» of its shaded. 

Fix a stick in a perpendicular direction, on a pfaùe 
perfectly horizontal, and measure the height of it above 
tiiat plane, which we shall Suppose to be exactly 6 feet« 
IVfaen the sun begins to sink towards the horizon in the 
afternoon, mark on the ground which is accessible the 
point c (fig. 26 pL 8), where the shadow of the summit of 
the tower falls, and also the point c the extremity of the 
diadow of the stick erected perpendieularly on the same 
plane: at the end of 2 hours, more or less, mark, 9A 
speedily as possible, the two points d and d, which will be 
the summits of the shadows at that period ; then join die 
two points of the shadow of the summit of the tower^ bjr 
means of a straight line, and measure their distance ; mea- 
sure also, in like mannel", the line i/^hich joins the two 
peints c and d of the shadow of tbe stick ; after which you 
win have' nothing to do bxit tp employ the following pro- 
portion*: As the length of the line cd if^hich joins the two 
pimnt^ of the shadow 6f the stiék, is to the height of thé 
tftiok aBy so' is the lenjgth of the line cd which joiiis the two 
l^irits of the shadow of the tower, to the height of thé 
tower ÀB. 

it requirés* only sin aequâintaiicé with thé ârst principles 
cf geometry tO'be abte to ]f>c^celvé, merely by inspecting fig^ 

VOL* II. o 
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26f that the pyramids badc and bade are similar; come* 
quently that cd is toab ascD to ab, wUch is the height 
required. 

PBOBLEM XXXIU 

Of some tricks or kinds ofSlusionf which may be performed 

bjf means of plane mirrors. 

Many curious tricks, capable of astonishing those who 
have no idea of catoptrics, may be performed by the coin- 
bination of several plane mirrors. Some of these we shall 
here describe. 

1st. To Jire a pistol over your shoulder and hit a martp 
with as much certainty as if you took aim at it in the utmd 
manner. Fig. 27 pi. 8. 

To perform this trick, placé before you a plane mirror, 
so disposed, that you can see in it the object you propose 
to hit; then rest the barrel of the pistol on your shoulder 
and take aim, looking at the image of the pistol in the glMi 
as if it were the pistol itself; that is, in such a manner^ 
that the image of the object may be concealed by the 
barrel of the pistol: it is evident that if the pistol be tbes 
fired, you will hit the mark. 

2d. To construct a box in which heavy bodies, such as c 
ball of lead, wUi appear to ascend contrary to their nature 
inclination. 

Construct a square box, as abcd (fig. 28), where one of 
the sides is supposed to be taken off, in order to show the 
inside ; and fix in it a board h one, so as to form a plane, 
somewhat inclined, with a serpentine groove in it of such 
a size, that a ball of lead can fireely roll in it and descencL 
Then place the mirror hgfi in an inclined position, M 
seen in the figure, and make an aperture opposite to it at 
M, in the side of the box, but so disposed that the eye, 
when applied to it, can see only the mirror, and not the 
inclined plane hd. It may be easily perceived that the 
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image of this plane, viz hlkg, will seem to be a plane 
almost vertical y and that a body which rolls from 6 to c, 
along the serpentine groove, will appear to ascend in a 
similar direction from g to l. Hence, if the mirror is 
very clean, so as not to be observed, or if only a faint 
light be admitted into the box, which will tend to conceal 
the artifice, the illusion will be greater, and those not ac- 
quainted with the deception will have a good deal of 
difficulty to discover it» 

3d. To construct a box in which objects shall be seen 
through one hale, different from what were seen through 
amotheTy though in both cases they seem to occupy the whole 
box. 

Provide a square box, which» on account of its right 
angles, is the fittest for this purpose, and divide it into 
four parts, by partitions perpendicular to the bottom» 
crossing each other in the centre. To these partitions 
apply plane mirrors, and make^ bole in each face of the 
box» to look through; but disposed in such a manner, that 
the eye can se^ only the mirrors applied to the partitions» 
and not the bottom of the box. In each right angle of 
division formed by the partitions, place some object» 
which^ being repeated in the lateral mirrors, may form a 
regular representation, such as a parterre, a fortification 
err citadel, a payement divided into compartments, &c. 
That the inside of the box may be sufficiently lighted, it 
dnght to be covered with a piece of transparent parch- 
ment. 

''■ It is evident that, if the eye be applied to each of the 
nnall apertures formed in the sides of the box, it will 
fetceXve as many different objects» which however will 
leem to occupy the whole inside of it. The first will be a 
fibular parterre, the second a fortification, the third a 
pavement in compartments» and the fourth some other 
object. 

o2 
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If several persons look at the same time through these 
holes, and then ask each other what they have seen^ 
a scene highly comic to those acquainted with the secret 
may ensue^ as each will assert that he saw a different 
object. 

Remark. — To render the parchment employed for 
covering optical machines, such as the above, more trans» 
parent, it ought to be repeatedly washed in a clear ley, 
which must be changed each time: it is then to be care* 
fully extended, and exposed to the air to dry. 

If you are desirous of giving it some colour, you may 
employ, for green, verdigrise diluted in vinegar, with die 
addition of a little dark green ; for red, an infusion of 
Brasil wood ; for yellow, an infusion of yellow berries : 
the parchment afterwards ought to be now and then var- 
nished. 

4th. In a roani on the first floor ^ to see those who approoek 
the door of the house, without looking out at the window, md 
without being observed. 

Under the middle of the architrave of the window place 
a mirror, with its face downwards, and a little inclined tOr 
wards the side of the apartment, so that it shall reflect ta 
the distance of some feet from the bottom of the windowi 
qr on the bottom itself, objects placed before and near the. 
door of the house. But as the objects by these means will 
he seen inverted, in which case it will be difficult to dis» 
tinguish them, and as it is fatiguing and inconvenient to 
look upwards, fix another plane mirror in a horizontal po» 
sition, in the place to which the image of objects is reflected 
by the first mirror» As this second mirror will exhibit the 
objects in their proper position) they can be better distin^ 
gubhed. They will appear however at a much greater, 
distance, and as if placed perpendicularly on a planOi 
somewhat inclined, and almost in such a situation as they 
would be seen in if you looked downwards from the win». 
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âow ; which will be sufficient in general to enable yon to 
■distinguish those with whom you are acquainted. 

Two mirrors arranged in this manner are represented 
%. 29 pi. 8. 

Ozanam^^and others before him, who published Mathe- 
Siatical Recreations, propose by way of problem, to show 
a jealous husband what his wife is doing in another apait* 
'ttient. To bore a hole near the ceiling in the partition 
wall which separates two apartments, and fix a horizontal 
mirror, half in the one room and half in the other, to re- 
flect by means of anoth^ mirror placed opposite to it, the 
image of what might take place in one of these rooms, is 
eortainly an ingenious idea ; but there is reason to think 
ihi^ neither Ozanam nor his predecessors were jealous 
husbands, or that they had a singular dépendance on tbt 
folly and stupidity of the two lovers. 

PROBLEM XXXIU. 

To infiame objects, at a considerable distance, by means ff 

plane mirrors. 

Arrange a great number of plane mirrors, each about ûx 
or eight inches square, in such a manner that the solar rays 
jreflected from them may be united in one focus. Itia 
Cfident, and has been proved by experience, that if there 
are a sufficient number of these mirrors, as 100 or 150 for 
esampie, they will produce in their common focus a hèat 
jeapabte of inâaming combustible bodies, and even at a very 
|;reat distance. 

This was, no doubt, the invention employed by ArchU 
medes, if he really burnt the fleet of Marcellus by meatis 
of burning mirrors, as we are told in history ; for Kircher, 
when at Syracuse, observed that the Roman ships could 
0ot have been at a less distance from the walls of the city 
dian twenty*three paces. But it is well known that the 
focus of a concave spherical .mirror is at the distance of 
half its radius ; consequently û^ loirror employed by Ar« 
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chimedes must have been a portion of a sphere of at lent 
46 paces radius, the construction of which would be at- 
tended with insurmountable difficulties. Besides, can it be 
believed that the Romans, at so short a distance, would 
Lave suffered him to make use of his machine without 
interruption ? On the contrary, would they not have de- 
stroyed it by a shower of missile weapons î 

Anthemius of Tralles, the architect and eng^eer who 
lived under Justinian, is the first who, according to the 
account of Vitellio, conceived the idea of employing plane 
mirrors for burning*; but we are not told whether be 
ever carried this method into execution. It is to Bufiim 
that we are indebted for a proof of its being practicable» 
In the year 1747, this eminent naturalist caused to be cofr' 
structed a machine consisting of 360 plane mirrors, each 8 
inches square, and all moveable on hinges in such a maih 
ner, that they could be made to assume any position at 
pleasure. By means of this machine he was able to buro 
wood at the distance of 200 feet. Buffon's curious paper 
on this subject may be seen in the Memoirs of the Academy 
of Sciences for the year 1748. 

That the ancients made use of burning glasses is evident 
from a passage in a play of Aristophanes, called the Clouds, 
where Strepsiades tells Socrates, that he had found out «■ 
excellent method to defeat his creditors, if they should 
bring an action against him. His contrivance was, that 
be would get from the jewellers a certain transparent stoM^ 
which was used for kindling fire, and then, standing ata 
distance, he would hold it to the sun, and melt down the 
wax on which the action was written. 

The astonishing philosophico-military exploit of Archi* 
medes may deserve some farther notice. That exploit has 
been recorded by Diodorus Siculus, Lucian, DioUyZonaras, 
Galen, Anthemius, Tzetzes, and other ancient writers. Tbo 

* Histoire des Mathématiques par Montucla, vol. L p. 398* 
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recount of Tzetzes is so particular, that it suggested to 
Either Kircher the specific method by which Archimedes 
probably effected his purpose. ^* Archimedes,'' says that 
author, " set fire to the fleet of Marcellus by a burning 
glass, composed of small square mirrors, moving every 
way upon hinges ; and which, when placed in the bun's 
rays, reflected them on the Roman fleet, so as to reduce it 
to ashes at the distance of a bow-shot." This account 
gained additional probability by the effect which Zonaras 
ascribes to the burning mirror of Proclus, by which he af- 
$rms, that the fleet of Vitellius, when besieging Byzantium, 
i^ow Constantinople, was utterly consumed. But perhaps 
no historical testimojny could have gained belief to such 
extraordinary facts, if similar ones had not been seen in 
teodern times. In the Memoirs of the French Academy of 
Sciences for 1726, p. 172, we read of a plane mirror, of 
12 inches square, reflecting the sun's rays to a concave 
xnirror 16 inches in diameter, in the focus of which bodies 
"Vrere burnt at the distance of 600 paces. Speaking of 
^fais mirror, father Regnault asks, (in his Physics, vol. 3. 
<3isc. 10), ** What would be the effect of -a number of plane 
snirrors, placed in a hollow truncated pyramid, and di- 
srecting the sun's rays to the same point ? Throw the focus, 
said he, a little farther, and you re-discover or verify the 
secret of Archimedes." This was actually effected by M. 
SufFon : in the year 1747 he read to the Academy an ac- 
count of a mirror, which he had composed of an assem« 
blage of plane mirrors, which made the sun's rays converge 
to a point at a great distance. 

Of Spherical Mirrors both Concave and Conuex. 

A spherical mirror is nothing else than a portion of a 
spber^, the surface of which is polished so as to reflect the 
light in a regular manner. If it b^ the convex surface that 
ÎB polished, it will form a convex spherical mirror ; if it 
be the concave surface, ^t will be a concave mirror* ^ 



We must here first observe, that when ^> rajr of ligbt. 
falls on any curved surface whatever, it will be rç0ected 
in the same manner as from a plane touching the point of 
that surface where it falls. Thus, if a tangent be drawn 
at the point of reflection to the surface of a spherical mirr 
ror, in the plane of the incident ray and of the centre, tho- 
rny will be reflected, making with that tangent an angle of 
reflection eqijial to the angle of incidence. 

PROBLEM XXXIV. 

The place of an object, and that of the eye being given ; te 
determine in a spherical mirror, the point of re^ctim^ 
and the place qf the image. 

The solution of these two problems is not so easy in re- 
gard to spherical as to plane mirrors; for when theeye^ 
and the object are at unequal distances from the miri^ 
ror, the determination of the point of reflection neces* 
sarily depends on principles which require the assistaiiGa 
of the higher geometry ; and this point cannot be assigned 
in the circumference of the circle without employing one 
of the conic sections. For this reason, we shall oimt tho 
construction, and only observe that there is one extremely 
simple, in which two hyperbolas between their asymptotes 
are employed : one of these determines the point of rejec- 
tion on the convex surface, and the second the point of rch 
flection on the concave surface. 

It will be sufficient for us here to take notice of one 
property belonging to this point. Let b be the object 
(fig. 30 pi. 9), A the place of the eye, s the point of reflect 
tion from the convex surface of the spherical mirror del, 
the centre of which is c ; also let fo be a tangent to the 
point £, in the plane of the lines bc and ac, which it meets 
in I and i ; and let the reflected ray ab, when produce^^ 
intersect the line bc in h : the points h and i will be so 
situated, that we shall have the following proportion : ai 

BC is to CH| so is BI to IH. 
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In like manner^ if be be produced till it meet ac in h, 
we shall have, ac : cA :: ai : ih; proportions which will 
be equally true in the case of reflection from a concave 
lurface. 

In res^ard to the place of the image, opticians have long 
admitted it as a principle that it is in the point h, where 
the reflected ray meets the perpendicular drawn from the 
object to the mirror. But this supposition, though it 
serves pretty well to show how the images of objects are 
less in convex, and larger in concave, than they are in 
plane mirrors, has no foundation in physics, and at present 
is considered as absolutely false. 

A more philosophical principle advanced by Dr. Barrow 
is^ that the eye perceives the image of the object in that 
point where the rays forming the small divergent bundle, 
>rhich enters the pupil of tlie eye, meet together. It is 
indeed natural to think that this divergency, as it is greater 
^Vrhen the object is near and less when it is distant, ought 
Xo enable the eye to judge of distance. 

£y this principle also we are enabled to assign a pretty 
^plausible reason for the diminution of objects in convex, 
And their enlargement in concave mirrors ; for the con* 
"Vexity of the former renders the rays, which compose each 
l^andle that enters the eye, more divergent than if they 
Cell on a plane mirror ; consequently the point where they 
laaeet in the central ray produced, is much nearer. It may 
«yen be deq^onstrated, that in convex mirrors it is much 
nearer, and in concave much farther distant than the point 
B, considered by the ancients, and the greater part of the 
lapderns, as the place of the image. In short, it is con- 
cluded tti^t in convex mirrors this image will be still more 
contracted, and in ooncave ones more extended, than the 
f^ci^its si}ppo$ed ; which will accQunt for the apparent 
eak^rgement of objects in the latter, and their diminution 
in the former. 
.. We must howeyer ^Uow tb^ eve^ this principle is at- 
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tended with difficulties, which Dr. Barrow, the author of 
it, does not conceal, and to which he confesses he nev^ 
saw a satisfactory answer. This induced Dr. Smith, in 
his Treatise on Optics, to propose another; but we shall 
not here enter into a discussion on this subject, as it would 
be too dry and abstruse for the generality of readers* 

PROBLEM XXXV. 

The principal properties of spherical mirrors, both conoex 

and concave. 

lst.*The first and principal property of convex mirron 
is, that they represent ot^ects less than they would be if 
seen in a plane mirror at the same distance. This omy 
be demonstrated independently of the place of the image: 
for it can be shown that the extreme rays of an object^ 
however placed, which enter the eye after being reflected 
by a convex mirror, form a less angle, and consequently 
paint a less image in the retina, than if they had been re^ 
fleeted by a plane mirror, which never changes that angle* 
But, the judgment which the eye in general forms respect- 
ing the magnitude of objects, depends on the magnitude 
of that angle, and that image, unless modified by some 
particular cause. 

On the other hand, in concave mirrors it may be easily 
demonstrated, that the extreme rays of an object, in what^ 
ever manner situated, make a greater angle on arriving at 
the eye than they would do if reflected from a plane mir- 
ror ; consequently the appearance of the object, for the 
above reason, must be much greater. 

2d. In a convex mirror, however great be the distance of 
the object, its image is never farther from the surface than 
half the radius ; so that a straight line perpendicular to the 
mirror, were it even infinite, would not appear to extend 
farther within the mirror, than the fourth part of the dia^ 
meter of the circle of which it is a segment. 

But in a concave mirror, the image of a line ])erpeiidi<« 
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culàir to the mirror is always longer than the line itself; 
and if this line be equal to half the radius, its image will 
appear to be infinitely produced. 

3d. In convex mirrors, the appearance of a curved line, 
concentric, to the mirror, is a circular line also concentric 
to the mirror ; but the appearance of a straight line, or 
plane surface, presented to the mirror, is always convex 
on the outside, or towards the eye. 

In a concave mirror, the contrary is the case : the image 
of a rectilineal or plane object appears concave towards 
the eye. 

4th. A convex mirror disperses the rays ; that is to say^ 
if they fall on i^s surface parallel, it reflects them diver- 
gent ; if they fall divergent, it reflects them still more di- 
vergent, according to circumstances. 

On this property, of concave spherical mirrors, is 
founded the use made of them for collecting the sun's 
rays into a small space, where their heat, increased in the 
•ratio of their condensation, produces astonishing efiects. 
£ut this subject deserves to be treated of separately. 

PROBLEM XXXVJ. 

Of Burning Mirrors. 

The properties of burning mirrors may be deduced from 
the following proposition : 

Jfa ray of light fall very near the axis of a concave spheric 
-cal surface^ and parallel to thflt axis^ it will be reflected in 
such a manner i as to meet it at a distance from the mirror 
nearly equal to half the radius. 

For let ABC (fig.. 31 pi. 9) be the concave surface of a 
well polished spherical mirror, of which b is the centre, 
and BB the semi-diameter in the direction of the axis; if 
SF be a ray of light parallel to bd, it will be reflected in 
the direction of fg, which will intersect the diameter bd 
in a certain point g. But the point g will always be nearer 
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to the surface of Che mirror than to the centre, 
the radius df be drawn, we shall have the angles bfs 
and DFG equal, consequently the angles dfb and gdv 
will also be equal, since the latter, on account of the 
parallel lines f£ and bd, is equal to bfe : the triangle bob 
then is isosceles, and gd is equal to gf ; but of is alwayv 
greater than gb ; whence it follows that do also is greater 
than gb; the point g therefore is nearer the surface of 
the mirror than the centre. 

But when the arc bf is exceedingly small, it is weU 
known-that the difference between gf and gb will be in- 
sensible ; consequently, in this case, the point o will- be 
nearly in the middle of the radius. 

This is confirmed by trigonometry ; for if the arc bv be 
only 5 degrees, and if we suppose the semi-diameter bb to 
be 100000 parts, the line bg will be 49809, whidi diflen 
from half the radius but tW^^^ p&rt only, or less than ^ir** 
It is even found, that as long as the arc bf does not exceed 
15 degrees, the distance of the point o from half the temi- 
diameter is scarcely a 56th part. Hence it appears, that 
all the rays which fall on a concave mirror, in a direction 
parallel to its axis, and at a distance from its summit not 
exceeding 15 degrees, unite at a distance from the mirror, 
nearly equal to half the semi-diameter. Thus, the solar 
rays, which are sensibly parallel when they fall on this con- 
cave surface, will be there condensed, if not into one point. 
At least into a very small space, where they will prod ace a 
powerful beat, so much the stronger as the breadth of the 
mirror is greater. For this reason the place where the 
rays meet is called the focus, or burning points 

The focus of a concave mirror then is not a point : it 

• The calculation in this case is easy. For, the arc BP being given, #s 
have given also the angle bdf, as wdl as OFD, which is equal to H» aad co»» 
seqaenUy the angle dof, which is the supplement of their sum to two ti^kt 
angles. In the triangle ogp then, we have given the three angles mod a tid«^ 
viz. DF, which is the radius ; and therefore^ by a very simple trigonoiiMtrical 
•aalogjr, we can find the side OG or OF, which is equal to it 
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ha» even a pretty sensible magnitude. ThuSy-for example, 
if a mirror be the portion of a sphere of 6 feet radius^ and 
form an arc of 30 degrees, which gives a breadth of sope»^ 
what more than three feet, its focus ought to be about the 
46tb part of that sise, or between 7 and 8 lines. The rays^ 
therefore, which faJl on a circle of 3 feet diameter, will for* 
the most part be collected in a circle of a diameter 56 times 
less, and which consequently is only the 3136th part of the 
space or surface. It may hence be easily conceived what 
degree of heat such mirrors must produce, since the heat 
of' boiling water is only triple that of the direct rays of the 
4in, on a fine summer^s day. 

. Attempts however have been made to constmct mirrocs, 
to- collect aU the rays of the sun into one point. For thi» 
piocpose it would be necessary to give to the perished sur- 
face a parabolic curve. For let cb0 be a parabola (fig. 3S: 
pi. 9), the axis of which is ab : we here suppose diat the' 
reader has some knowledge of conic sections. It is well 
known that in this axis there is a certain point 9, so situated,^ 
that every ray, parallel to the axis of this parabola, wUl be 
reflected exactly to that point, which on this account haS; 
b^n called the^oai^. If die concave surface therefore of 
a parabolic spheroid be well polished, all the solar ray^ 
parallel to each other, and to the axis, will be united in 
ofie point, and will produce there a heat much, stronger 
t^n if the surface had been spherical» 

; Remarks. — I. Aa the focus of a spherical mirror is al: 
the distance of a 4th part of the diameter, theiimposnbilirf - 
of Archimedes being able, with such a mirror, to burn the 
Roman ships, supposing their distance to have been onljf^ 
80 paces, as Kireher says he remarked when at Syracuse,, 
nfiay be easily concaved ; for it would have been neces-« 
sipry that %\ie sphere, of which bis mirror was a portion^ 
should have had a radius of 60 paces; and taconstructi> 
sifch a. sphere, would be impossible. A parabolic miroor 
Wjp^i4A>^ attei|ded\:vitb the Jan^e.iaconyenienoei^ ■ Boiiiks^J 
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the Romans must have been wonderfully condescending, 
to suffer themselves to be burnt so near, without deranging 
the machine. If the mathematician of Syracuse therefore 
burnt the Roman ships by means of the solar rays, and if 
ProcluSy as we are told, treated in the same manner the 
ships of Vitellius^ which were besieging Byzantium, they 
must have employed mirrors of another kind, and could 
succeed only by an invention similar to that revived by 
Buffon, and of which he shewed the possibility. See 
Prob. 33. 

The ancients made use of concave mirrors to rekindle 
the vestal fires. Plutarch, in his life of Numa, says that 
the instruments used for this purpose, were dishes, which 
were placed opposite to the sun, and the combustible mat- 
ter placed in the centre ; by which it is probable he meant 
the focus, conceiving that to be at the centre of the mirror^t 
concavity. 

II. We cannot here omit to mention some mirrors cele* 
brated on account of their size, and the eflects they pro-^ 
duced ; one of them was the work of Settala, a canon of 
Milan : it was parabolic, and, according to the account 
of father Schott, inflamed wood at the distance of 15 or 
16 paces, 

Villette, an artist and optician of Lyons, constructed 
three, about the year 1670, one of which was purchased 
by Tavernier, and presented to the king of Persia ; the 
second was purchased by the king of Denmark, and the 
third by the king of France. The one last mentioned vras 
30 inches in diameter, and of about 3 feet focus. The 
rays of the sun were collected by it into the space of about 
half-a-guinça. It immediately set fire to the greenest 
wood ; it fused silver and copper in a few seconds; and 
in one minute, more or less, vitrified brick, flint, and 
other vitrifiable substances* 

These mirrors however were inferior to that constructed 
by baron von Tchirnhausen^ about 16879 <^nd of which a 
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ctescription may be found îq the Transactions of Leipsic 
for that year. This mirror consisted of a metal plate» 
twice as thick as the blade of a common knife ; it was about 
3 Leipsic ells, or 5 feet 3 inches, in breadth, and its focal 
distance was 2 of these ells, or 3 feet 6 inches : it produced 
the following effects : 

Wood, exposed to its focus, immediately took fire ; and 
the most violent wind was not able to extinguish it. 
Water, contained in an earthen vessel, was instantly 
thrown into a state of ebullition ; so that eggs were boiled 
in it in a moment, and soon after the whole water was 
evaporated. Copper and silver passed into fusion in a few 
minutes, and slate was transformed into a kind of black 
glass, which, when laid hold of with a pair of pincers, 
could be drawn out into filaments. Brick was fused into 
a kind of yellow glass ; pumice stone and fragments of 
crucibles, which had withstood the most violent furnaces^ 
were also vitrified, &c. , 

Such were the effects of the celebrated mirror of baroQ 
von Tchirnhausen ; which afterwards came into the pos« 
session of the king of France, and which was kept in the 
Jardin du Boi^ exposed to the injuries of the air, which ia 
a great measure destroyed its polish. 
: But metal is not the only substance of which burning' 
mirrors have been made. We are told by Wolf, that an 
artist of Dresden, named Graertner, constructed one in iqui^ 
t9.tion of Tchirnhausen's mirror, composed only of woo4> 
and which produced effects equally astonishing. But this 
^uthor does not inform us in what manner Gcertner was. 
able to give to the wood the necessary polish. 
*. Father Zacharias Truber however seems to have sup- 
plied this deficiency, by informing us in what manner a 
burning mirror may be constructed with wood and leaf- 
gold ; for nothing i3 necessary but to give to a piece of exr 
ceadingly dry and very hard wood, the form, of the seg-^ 
menti o£à çopcave spheçe, by (Qçani^ qf a.turning çiacliiper; 
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to cover it in a utiifortn manner with a mixture of pitcb 
»nd was, and then to apply bits of gold leaf, about three 
or four inches in breadth. Instead of gold leaf, smalt 
plane mirrors, he says, might be adapted to the concavity, 
and it wilt be seen fith astonishment, that the effect of 
such a mirror is !.ctle inferior to that of a mirror made en- 
tirely of metal. 

Father Zahn mentions something more singular than 
what is related by Wolf of the artist of Dresden, for he 
says that an engineer of Vienna, in the year 1699, made a 
mirror of pasteboard, covered on the inside with straw 
cemented to it, which was so powerful as to fuse all 
metals. 

Concave mirrors of a considerable diameter, and which 
produce the same etfect as the preceding, may be pro- 
cured at present at much less expence. For this advan- 
tage we are indebted to M. de Bernieres, one of the con- 
trollers general of bridges and causeways, who discovered 
a method of giving the figure of any curve to glass mir- 
ror&; an invention which, besides its utility in optics, may 
be applied to various purposes in the arts. The concave 
mirrors which he constructed, were round pieces of glass 
bent into a spherical form ; concave on one side and con- 
vex on the other, and silvered on the convex side. M. de 
Bernieres constructed one for the king of France, of S feet 
6 inches in diameter, which was presented to his majesty 
in 1757. Forged iron exposed to its focus was fused in two 
seconds: silver ran in such a manner that when dropped 
i-nto water it extended itself in the form of a spider's web| 
Sint became vitrified, Sec. 

These mirrors have considerable advantage over those 
of metal. Their reflection from the posterior surface, not- 
withstanding the loss of rays, occasioned by their passage 
through the Erst surface is still more lively than that from 
the best polished metallic surface; besides, they are not 
9ubjet:t, hke metallic mirrors, to lose their poUsh by the 
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contact of the sdr, always charged with vapours which 
corrode metal, but which make no impression on glass : 
in short, nothing is necessary, but to preserve them from 
moisturei which destroys the silvering. 

PROBLEM XXXVII. 

Same properties of concave mirrors, in regard to vision ^ or 

the formation of images. 

I. If an object be placed between a concave mirror and 
its focus, its image is seen within the mirror, and more 
magnified the nearer the object is to the focus \ so that 
when the object is in the focusntself, it seems to occupy 
the whole capacity of the mirror, and nothing is seen 
distinct. 

If the object, placed in the focus, be a luminous body, 
the rays which proceed from it, after being reflected by 
the mirrpr, proceed parallel to each other, so that they 
form a cylinder of light, extended to a very great distance^ 
and almost without diminution. This column of light, if 
the observer standi on one siSe, will be easily perceived 
when it is dark ; and at the distance of more than a hun- 
dred paces from the mirror, if a book be held before this 
light, it may be read. 

n. If the object be placed between the focus and the 
centre, and if the eye be either beyond the centre, or be* 
tween the centre and the focus, it cannot be distinctly per- 
ceived, as the rays reflected by the mirror are convergent. 
But if the object be strongly illuminated, or if it be a 
luminous body itself, such as a candle, by the union of its 
rays there wiU be formed, beyond the centre, an image in 
an inverted situation, which will be painted on a piece of 
paper or cloth at the proper distance, or which, to an eye 
placed beyond it, will appear suspended in the air. 

m. The case will be nearly the same when the object 
is beyond the centre, in regard to the mirror : an inverted 

VOL. II. p 
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image of the object will be painted then between the focui 
and the centre ; and this image will approach the centre 
in proportion as the object itself approaches it; or will 
approach the focus as the object removes from it. 

In regard to the place where the image will be paint 
ed in both these cases, it may be found by the following 
rule. 

Let ACS (fig. 33 pi. 9) be the axis of the mirror, indefi- 
nitely produced ; f the focus, c the centre, and o the place 
of the object, between the centre and the focus. If F A be 
taken a third proportional to fo and fc, it will represent 
the distance at which the image of the point placed in o 
will be painted. 

If the object be in cc;, by employing the same proportioQ» 
with the proper changes, that is, by making fo a third 
proportional to vuf and fc, as in )», the image of it will be 
found in o. 

In the last place, if the object be between the focus and 
the glass, the place where it will be observed within the 
mirror, may be found by making tw to fa, as fa to f«. 

Remarks. — 1st. This property which concave mirron 
have, of forming between the centre and the focus, oir be» 
yond the centre, an image of the objects presented to them, 
is one of those which excite the greatest surprise in per- 
sons not acquainted with this theory. For if a man ad- 
vance towards a large concave mirror, presenting a sword 
to it, when he comes to the proper distance, he will see a 
sword blade, with the point turned towards him, dart itself 
from the mirror ; if he retires the image of the blade will 
retire ; if he advances in such a manner that the point shall 
be between the centre and the focus, the image of the sword 
will cross the real sword as if two people were engaged in 
fighting. 

2d. If, instead of a sword blade, thie hand be presented 
at a certain distance ; you will see a hand formed in the 
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âir in an inverted situation; which will approach the real 
band, when the latter approaches the centre, so that they 
will seem to meet each other. 

3d. If you place yourself a little beyond the centre of 
the mirror, and then look directly into it, you will see be- 
yond the centre the image of your face inverted. If you 
then continue to approach, this phantastic image will ap« 
proacb also, so that you can kiss it. 
. 4tb. If a nosegay be suspended in an inverted situation 
(fig. 34 pi. 9)9 between the centre and the focus, a little 
below the axis, and if it be concealed from the view of the 
spectator, by means of a pièce of black pasteboard, an 
.upright image of the nosegay will be formed above the 
{Msteboard, and will excite the gceater astonishment, as 
the object which produces it is not seen; for this reason 
thpse not acquainted with the deception will take it for a 
real object, and attempt to touch it *. 
^ ôth. If a concave mirror be placed at the end of a hall, 
at an inclination nearly equal to 45"*, and if a print or 
drawing be laid on a table before the mirror, with the bot- 
tom part turned towards it, the figures in the print or 
drawing will be seen greatly magnified ; and if a proper 
arrangement be made, so as to favour the illusion, that is 
if the mirror be concealed, and only a small hole left for 
looking through, you will imagine that you see the objects 
themselves. 

On this principle are constructed what are called Opti^ 
cal boxes J which are now very common : the method of 
constructing theox^will be found in the following problem. 

PBOBLEM XXXVlII. . 

To construct an optical box or chamber, in which objects arc 
seen much larger than the box itself. 

Provide a square box, of a size proper to contain the 

* Carious tpectres, and appearances, formed in this manner, have of lata 
years been «xbibited as shows to speetators in London. 

p2 
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concave mirror you intend to employ; tliat is to say, let 
each side be a little less than the focal distance of the ndr- 
ror; and cover the top of it with transparent parchment^ 
or white silk, or glass made smooth, but not polished. 

Apply the mirror to one of the vertical sides of the box, 
and on the opposite side place a coloured print or draw- 
ing, representing a landscape, or seaport, or buildings^ &c; 
The print ought to be introduced into the box by mean* 
of a slit, so that it can be drawn out, and another subiti- 
fated in its place at pleasure. 

At the top of the side opposite to the mirror, a round 
hole or aperture must be made, for the purpose of looking 
through ; and if the eye be applied to this hole^ the ob^ 
jects, represented in lAe print, will be seen very mtudk 
magnified: those who look at them, will think they really 
behold buildings, trees, &c. 

We have seen some of these machines, which by theit 
construction, the size of the mirror, and the côrrectne» of 
the colouring, exUbited a spectacle highly agreeable and 
amusing. 

Of cjfUndriCf or cankal, Kc mirrors^ and the anamorphoses 
which may be performed by means ^ them. 

There are other curved mirrors, besides those already 
mentioned; such as cylindric and conical mirrors, by 
means of which, effects very curious are produced. Thus, 
for example, a figure may be drawn on a plane so distort- 
ed, that it will be almost impossible to tell what it is; but 
by placing a cylindric or conical mirror, as well as thé 
eye, in a certain position, the figure will appear in its just 
proportions. The method by which this is done, b as 
follows. 

PROBLEM XXXIX. 

To describe^ on an horizontal plane, a distorted figure^ which 
when seen from a given pointy as reflected from the conoex 
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mrfOfCe of a right cylindric mirroVy shaU appear in its 
proper proportions. 

Let ABC (plate 10 fig. 35 N®. 1 and 2) be the base of |i 
portion of the cylindric polished surface, which is to serve 
as a mirror ; and let Ac be its chord. In the radius per- 
pendicular to AC, and indefinitely produced, ^ssuoiç the 
point o, which corresponds perpendicularly with the place 
p{ the eye above it. This point o must be at a moderate 
distance from the mirror, and raised above the plane of 
the base only 3 or 4 times the diameter of the cylinder, tt 
fs proper that it should be at such a distance from the 
mirror, that the lines oa and oc, drawn firom it, ,shall 
piake with the cylindric surface a moderately acute angle; 
fcMT if the lines oa and oc were tangents to the points A 
and c, the parts of -the objects seen by these rays would 
be very much contracted, and appear confused. 

The point o being thus determined, and having drawn 
the lines oa and oc, draw also ad and ce indefinitely, in 
such a manner, that they shall form, with the cylindric 
surface, or the circumference of the base, angles equal tg 
those formed with them by the lines oa and oc ; so tbat^ 
if the lines oa and oc be considered as incident rays, ap 
and CE may represent the reflected rays. 

Then divide ac into 4 equal parts, and form on it a 
square, which must be divided into 16 other small equal 
squares. To the points of division 2 and 4 draw the lines 
o2y o4, cutting the mirror in v and h ; from which points 
draw indefinitely fo and hi, so that the latter lines shall 
be the reflected rays corresponding to the lines opaqd oh, 
considered as incident rays* 

When this is done, oh the extremity o, of the indefinite 
line po, (N^. 2) raise the perpendicular on, equal to the 
height of the eye above the plane of the mirror : make og 
equal to oa ; and firom the point q raise the perpepdicular 
g4, equal to ac, which must be divided into 4 equal parts: 
then drgWy from the point ]i> through these points of divU 
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sion, straight lines, which being produced will cut the line 
OQP in the point i, ii, iii, iv. Transfer these divisions, 
in the same order, to the radii ad and ce, so that a i, a ii, 
A III, A IV, shall be respectively equal to q i, q ii, q hi, 
Q IV. ' 

Proceed in the same manner to divide the lines fg and 
HI into 4 unequal parts, as f i, f ii, f hi, f iv; u i, h ir^ 
H III, H iv; and divide, in the like manner, the line b iV; 
nothing then will be necessary, but to join by curved lines 
the similar points of division in these 5 lines ; which may 
be easily done, by taking a very flexible rule, and bending 
it, so as to make it touch or bear on these points. But if 
these points be joined, three and three, by circular arcs; 
they will not deviate much from the truth. These circular 
or curved arcs, with the straight lines A iv, F iv, b iv, h iv^ 
c IV, will form portions of circular rings, Tery irr^olar 
indeed, but which will correspond to the 16 squares into 
which AC was divided ; so that the mixtilineal area a will 
correspond to the square a; the area b to the square fr, € 
to c, d to £/, and so of the rest. 

If a regular figure then be described on the square ac, 
and if what is contained in the small square a be trans- 
ferred into the area a of the base, lengthening or contract- 
ing the parts as may be necessary, you will obtain, if you 
proceed in the same manner with the rest, a figure ex- 
ceedingly irregular and distorted, which, when seen in 
the cylindric mirror, by the eye placed properly abdVe 
the point o, will appear regular and in its true propor* 
tions ; for it is demonstrated, in the theory of cylindric 
mirrors, that all these irregular areas must appear to form 
the square of ac and its divisions, or nearly so. We 'say 
nearly, because this construction is not geometrically per- 
fect, and cannot be, on account of the indecision in regard 
to the place of the image in mirrors of this kind. l%b 
construction however succeeds so well, that objebts whidi 
cannot be distinguished on the base of the mirror^ will be 
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P^^y regular in their representation. But we must ob- 
serve that, for this purpose, the eye ought to be applied 
to a sight or hole, of a few lines diameter, raised perpen- 
dicularly, above the point o, to a height equal to on. 

Remark.— Instead of a cylindric mirror, one in the 
form of a right prism may be employed ; but, to see a 
riegular and well proportioned image, it must be trans- 
ferred into parts of the base not contiguous, but parallelo- 
grams resting on the base, and arranged in the form of a 
fim, with triangular intervals between every two. Any 
particular subject may be painted in these intervals, so 
that when the mirror is placed in the proper position, 
some object different from what is represented siiall be 
seen. B,ut we shall not enter into farther details respect- 
ing this anamorphosis; as we mean to give that of the 
pyramidal mirror, which produces a similar effect. This 
is a problem on which beginners may exercise their inge- 
' Jiaity, and which can be solved without much difficulty. 

PR03LEM XL. 

To describe y on a horizontal planer a distorted figure j which 
shall appear in its proper proportions^ when seen as re^ 
fleeted by a conical mirror from a given point in the axis 
of that cone produced. 

Around the place which you intend the distorted figure 
to occupy, describe a circle abcd (pi. 10 fig. 36 N^ 1 and 
^)y of any size at pleasure, and divide the circumference 
of it into any number of equal parts : from the centre e, 
draw, through the points of division, as many^emi-diame- 
ters, one of which, as ae or be, must also be divided into 
a certain number of equal parts. Then from e, as a cen- 
tre» describe, through the points of division,, as many cir- 
cles» which with the preceding semi-diameters will divide 
ÛKà space terminated by the first and greatest circle abcd, 
mto several small spaces; and these will serve to contain 
the figure» and to distort it on the horizontal plane» around 
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aie base vohi of the conical mirror, in the foUowiiig 
manner. 

Having assumed the chrcle fghi (fig* 36 N"^. 3)s the 
centre of which is o, as the base of the cone, construct 
apart the right-angled triangle klm (N"*. 2), the base of 
which KL is equal to the semi-diameter oo (^ the base of^ 
the cone ; and the height km equal to the heiglyt of th^- 
cone. Continue this height to N| so that the part VM- 
shall be equal to the distance of the eye from the point of 
the cone, or the whole line kn equal to the height of tiie 
eye above the base of the cone. Having divided the base 
KL into as many equal parts as the semi-diameter ae or PB 
contains of the prototype, draw from the point K, through 
the points of division p, q, b, as many straight Urns; 
which will give in the hypothenuse lm, representing (he 
side of the cone, the points s, t, v ; at the p<Hnt v make 
the angle lv 1, equal to the angle lvb; at the point t the 
angle lt 2, equal to the angle ltq ; at the point s the 
angle ls 3, equal to the angle lsp ; and at the point M, 
which represents the summit of the cone, the angle lm 4, 
equal to the angle lmk, in order to have, in the base kl 
produced, the points 1, 2, S, 4. 

Then from o, the centre of the base fohi of the conical 
mirrpr, and with the distances k 1, k 2, k 3, k 4, describe 
circles representing those of the prototype ABCD,the largest 
of which must be divided into as many equal parts as the 
circumference abcd ; and from the centre o, draw semir 
diameters through the points of division, which will giw* 
on the horizontal plane as many small distorted space», m 
those in the prototype abcd ; and into these the figure -pf 
the prototype may consequently be transferred. Thi^ 
image will be very much distorted on the horizontal pla^OM^ 
yet by reflection from the surface of the conical mirror» 
placed on the circle fghi, will appear in its just prepoiy 
tions, if the eye be situated perpendicularly Bbove 4he 
centre o^ and at a distance from it equal to the line kn* 
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II£MARK.«^Iq order to avoid deception in transferring 
what is in the prototype abcd (pi. 10 fig. 36 N®. 1 8c 2), 
to the horizontal plane, care must be taken that what is 
most distant from the centre e shall be nearest the base 
POHi of the conical mirror; as is seen by the same letters 
a^ by Cy dy e, fy g J h of the horizontal plane and of the 
inrototype. The distortion will be the more grotesque, if 
what in the regular image is contained in a sector a, (N®. 1) 
is contained in the distorted image in a portion of a circular 
râig. 

PROBLEM XLI. 

To perform the same thing by means afa pyramidal mirror. 

It is well known, and may be easily conceived, that a 
square pyramidal mirror on the base abcd (pi. 1 i fig. 87 
N® 1 & 2), reflects to the eye, placed abov^ it in the axis, 
no more of the plane which surrounds the base, but the 
triangles bec, cfd, doa, and ahb; and that no ray pro- 
ceeding from the intermediate spaces reaches the eye. It 
may also be readily seen that these four triangles occupy 
tbe whole surface of thejmirror ; and that to an eye raided 
above its summit, and looking through a small hole, they 
will appear together to fill the square of the base. In this 
ease therefore the image to be distorted must be described 
in the square abcd, equal to the plane of the base ; and if 
through the centre e there be drawn two diagonals, and as 
many lines perpendicular to the sides, these with the small 
concentric squares, described in that of the base, wiU 
dirâle it into small triangular and trapezoidal portions. 

Now the section of the mirror, through the axis and the 
Kne^L, bcdng a right-angled triangle, it will be easy, by 
a method similar to that employed in the preceding pro- 
blem, to find on the line eL produced, its image le, and 
tlie points of division whicfi are the image of tbiose of the 
former. Let these points be L, iii, ii, b: if you draw 
through these points lines parallel to the base bc, and do 
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the same thing in regard to the other triangles hab» iLc, 
you will have the area of the image, to be painted, divided 
into parts corresponding to those of the base. By describe 
ing in each of these, in the proper situation, and with the 
proper degree of elongation or contraction, the parts of 
the figure contained in the corresponding parts of the base, 
you will have the distorted figure required, which, when 
^een from a certain point in the axis produced, will ap» 
pear to be regular, and to occupy the whole base. 

This kind of anamorpiiosis, on account of its singularity, 
is superior to any of the preceding ; as the parts of the 
distorted figure are separated from each other, though 
they seem contiguous when seen in the mirror; other 
objects therefore may be painted in the intermediate 
spaces, which will mislead the spectators, and excite in 
them a greater degree of surprise. 

Of Lenticular Glasses, or Lenses. 

A lens is a bit of glass having a spherical forni on both 
sides, or at leai^t on one side. Some of them are convex 
on the one side and plane on the other ; and others are 
convex on both sides: some are concave on one side, or 
on both ; and others are convex on one side, and concave 
on the other. Those convex on both sides, as they re- 
semble a lentil, are in general distinguished by the name 
of lenticular glasses, or lenses. 

The uses to which these glasses are applied, are well 
known. Those which are convex magnify the appearance 
of objects, and aid the sight of old people ; on the other 
hand, the concave glasses diminish objects, and assist tboae 
who are short sighted. The former collect the rays of 
the sun around one point called the focus ; and,' when of 
a considerable size, produce heat and combustion» The 
concave glasses, on the contrary, disperse the rays of the 
sun. Both kinds are employed in the construction of 
, telescopes and microscopes. 
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PROBLEM XLII. 

To find the focus of a glass globe. 

^ As glass globes supply^ on many occasions^ the place of 
lenses, it is proper that we should here say a few words 
respecting their focal distance. The method of deter- 
mining it is as follows. 

Let BCD (pi. 11 %• 38) be a glass sphere, the centre of 
^hich is F, and en a diameter to which the incident ray 
JkB is parallel. This ray, when it meets with the surface 
of the sphere in b, will not continue its course in a straight 
line, as would be the case if it did not enter a new medium» 
but will approach the perpendicular drawn from the centre 
F to B the point of incidence. Consequently, when it 
issues from the sphere at the point i, it would meet the 
diameter in a point £, if it did not deviate from the per- 
pendicular Fi, which makes it take the direction lo, and 
proceed to the point o, the focus required. 
-, To determine the focus o, first find the point of meet- 
ing £, which may be easily done by observing that in the 
triangle fbe, the side fb is to fe as the sine of the angle 
FEB is to the sine of the angle fbe ; or, on account of the 
ismallness of these angles, as the angle feb, or its equal 
GBEy is to the angle fbe^ for we here suppose the in- 
cident ray to be very near the diameter cd ; consequently 
the angle abh is very small, as well as its equal fbg; and 
ànfgles extremely small have the same ratio as their sines. 
Biit, by the laws of refraction, when a ray passes from air 
into glass, the ratio of the angle of incidence abh, or gbf, 
tci the angle of refraction fbi, if the angles be very small, 
is as 3 to 2, and therefore the angle fbe is nearly the 
doable of ebg : it thence follows that the side fe, of the 
triangle fbe, is nearly the doable of fb or equal to twice 
the radius ; consequently^ be is equal to the radius. 

To find the point o, where Jthe ray, when it issues from 
the sphere, and deviates from the perpendicular, ought to 
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meet the line de, the like reasoning may be employed. 
In the triangle loBj the side lo is to oe nearly as the angle 
lEOj or its equal ife, is to the angle ois. Now these two 
angles are equal ; for the angle ifd is the one third of the 
angle of incidence fbo or abh ; but, by the law of r«r , 
fraction, the angle oie is nearly the half of the angle dC 
incidence eik, or of its equal fib, which is |. of the angle 
TBo: like the preceding it is therefore the third of fb0 or 
HBA, and consequently the angles oie and OEi are equal; 
whence it follows that oe is equal to oi, which is itadf 
equal to do, on account of their very great proxiimty* 
Therefore do, or the distance of the focus of a glass globe 
from the surface, is equal to half the radius, or the foitftfc 
part of the diameter, q.e.d. 

PBOBLSM XLIII. 

Tojfind the focus of am/ lens. 

The same reasoning, as that employed to determine llie 
course of a ray passing through a glass sphere^^ might be 
employed in the present case. But for the sake of brevity, 
we shall only give a general rule, demonstrated by op- 
.ticians, which includes all the cases possible in regard to 
lenses, whatever combinations may be formed of convexi- 
ties and concavities. We shall then show the applicatioa 
of it to a few of the principal cases. It is as follows. 

As the sum of the S€mi4iameters of the two conoexities^ ù 
to one of them ; so is the diameter of the other, to tAcfoeri 
distance. 

In the use of this rule, one thing in particular is to be 
observed. When one of the faces of the glass is plaoe^ 
the radius of its sphericity must be considered as infinite; 
and when concave, the radius of the sphere, of which this 
concavity fotms a part^ must be considered as negative» 
This will be easily understood by those who are in the 
least familiar with algebra. 
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Case 1. ÎFhen the lens is equaUy conoex on both sides» 

Let the radius of the convexity of each o( the faces be, 
for exatnpie, equal to 12 inches. By the general rule we 
shall have this proportion: as the sum of the radii, or 24 
inches, is to one of them, or 12 inches, so is the diameter 
of the other, or 24 inches, to a fourth term, which will be 
12 inches, the focal distance. Hence it appears that a 
lens equally convex on both sides unites the solar rays, or 
in general rays parallel to its axis, at the distance of the 
radius of one of the two sphericities. 

Casb II. When the lens is unequally convex on both sides, 

if the radii of the convexities be 12 and 24, for instance, 
the following proportion must be employed: as 12 + 24^ 
or 36, is to 12, the radius of one of the convexities, so is 
48, the diameter of the other, to 16 ; or as 12 + 24, or 36^ 
is to 24, the radius of one of the convexities, so is 24, the 
diameter of the other, to 16. The dbtance of the focus 
therefore will be 16 inches. 

Case hi. When the lens has one side plane. 

If the sphericity on the one side be as in the preceding 
case, we must say, by applying the general rule : as the 
dum of the radii of the two sphericities, viz, 12 and an in- 
finite quantity, is to one of them, or the infinite quantity^ 
so is 24, theMiameter of the other convexity, to a fourth 
term, which will be 24 ; for the two first terms are equal, 
because an infinite quantity increased or dimini.shed by a 
finite quantity, is always the same: the two last terms 
therefore are equal ; and it hence follows, that a plano- 
convex glass has its focus at the distance of the diameter 
from its convexity. 

Case iv. When the lens is conoex ofi the one side, and 

concave on the other. 

Let the radius of the convexity be still 12, and that of 
the concavity 27. As a concavity is a negative convexity^ 
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th» DQmber 5S7 must be taken with the sign ^prefixed. 
We shall therefore hare this proportion. 

As 12 inches— 27, or— 15 inches, is to the radius of the 
concavity— 27 (or as 15 is to 27, or as 5 is to 9), so is 24 
inches, the diameter of the convexity, to 43 f. This is the 
focal distance of the lens, and is positive or real ; that is to 
say, the rays falling parallel to the axis, will really be 
united beyond the glass. The concavity indeed having, a 
greater diameter than the convexity, this must cause the 
rays to diverge less than the convexity causes them to coo» 
verge. But if the concavity be of a less diameter than the 
convexity, the rays, instead of converging when they issue 
from the glass, will be divergent, and the focus will be be* 
fore the glass: in this case it is called virtual. Thus, if 
the radius of the concavity be 12, and that of the convexity 
27, we shall have, by the general rule : as 27— 12^ or 15, is 
to 27, or as 5 is to 9, so is— 24 to— 43|. The last term 
being negative, it indicates that the focus is before die 
glass, and that the rays will issue from it divergent, «8 if 
they came from that point. 

Case v. When the lens is concave on both sides. 

If the radii of the two concavities be 12 and 27 inches, 
we shall have this proportion : as — 1 2 — 27 is to— 27, or as 
39 is to 27, or as 13 to 9, so is -24 to— 16^. The last 
term being negative, it shows that the focus is only virtual, 
and that the rays, when they issue from the glass, will 
proceed diverging, as if they came from a point situated 
at the distance of 16^ inches before the glass. 

Case vi. JVhen the lens is concave on one side, and plane 

on the other. 

If the radius of the concavity be still 12, the above rule 
will give the following proportion: ias— 12 4-sLn infinite 
quantity, is to an infinite quantity, so is — 24 to— 24; for 
an infinite quantity, when it is diminished by a finitQ 
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quantity^ remains still the same. Thus it is seen that, in 
this case, the virtual focus of a plano-concave glass, or the 
point where the rays after their refraction seem to diverge^ 
is at a distance equal to the diameter of the concavity, as the 
ppint to which they converge is in the case of the piano* 
convex glass. 

These are all the cases that can occur in regard to lenses: 
for that where the two concavities might be supposed equal, 
is «comprehended in the fifth. 

RsMABK. — ^In all these calculations, we have supposed 
the thickness of the glass to be of no consequence in regard 
to the diameter of the sphericity, which is the most com- 
l&on case ; but if the thickness of the glass were taken into 
consideration, the determiiiations would be different» 

Of Bumtng Glasses. 

Lenticular glasses furnish a third method of solving the 
problem, already solved by means of mirrors, viz, to unite 
the rays of the sun in such a manner, as to produce fire 
and inflammation: for a glass of a few inches diameter 
will produce a heat sufficiently strong to set fire to tinder, 
linen, black or grey paper, 8&c. 

The ancients were acquainted with this property in 
glass globes, and they even sometimes employed them for 
aie above purpose. It was probably by means of a glass 
globe that the vestal fire was kindled. Some indeed have 
endeavoured to prove, that they produced this effect by 
lenses : but de la Hire has shown, that this idea is entirely 
void of foundation, and that the burning glasses of the 
ancients were only glass globes, and consequently in- 
capable of producing a very remarkable effect. 

Baron von Tchirnhausen, who constructed the cele- 
brated mirror already mentioned, made also a burning 
glass, the largest that had ever been seen. This mathe- 
matician, being near the Saxon glass manufactories, was 
enabled, about the year 1696, to procure plates of glass 
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sufficiently thick and broad, to be converted into lense* 
several feet in diameter. One of them, of this aize, in- 
fiaoied combustible substances at the distance of 18 feet. 
Its focus at this distance "was about an inch and a half in 
diameter. But when it was required to make it produce 
its greatest effects, the focus was diminished by means of 
a second lens, placed parallel to the former, and at the 
distance of 4 feet. In this manner, the diameter of the 
focus was reduced to 8 lines, and it then fused metals, 
Titrified flint, tiles and slate, earthen ware, &c, in short, it 
produced the same effects as tlie burning mirrors of which 
we have already spoken. 

Some years ago a lens, which might have been taken 

for that of Tchirnhausen, was exhibited at Paris. The 

glass of which it consisted was radiated and yellowish; 

r and the person to whom it belonged asked no less for it 

I than 500£. sterling. 

For the means of obtaining, at a less cxpence, glasses 
[ capable of producing the same effects, we are indebted to 
I M. de Bernieres, of whom we have already spoken. By 
I his invention for bending glass, two round plates are bent 
I into a spherical form, and being then applied to each 
[ Other the interval between them is filled with distilled 
I vater, or spirit of wine. These glasses, or rather water 
I lenses, have their focus a little farther distant, and caleris 
I paribus ought to produce a somewhat less effect ; but the 
1 ^inness of the glass and the transparency of the water 
occasion less loss in the rays, than in a lens of several 
inches in thickness. In short, it is far easier to procure a 
L lens of this construction, than solid ones, like that of 
Tchirnhausen. M. de Trudaine, some years ago, caused 
r to be constructed, by M. de Bernieres, one of these water 
I Ibises 4 feet in diameter, with which some philosophical 
I nperiments have been already made, in regard to the 
calcination of metals and other substances. The heat pro- 
duced by thb instrument, is much superior to that of all 
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ibe burning glasses and mirrors hitherto known, and even 
to that of all furnaces. We have reason to expect from it 
new discoveries in chemistry. We shall here add that 
with water lenses, of a much smaller size, M. de Bernieres 
ha$ fused metals, vitrifiable stones, &c. 

PROBLEM XLIV. 

Of some other properties of lenticular glasses. 

, 1st. If an object be exceedingly remote, so that there is 
1)0 proportion between its distance and the focal distance 
^, the glass, there is painted in the focus of the lens an 
image of the object in an inverted situation. This ex- 
periment serves as the basis of the construction of the 
camera obscura. In this manner the rays of the sun, or 
.qf the moon, unite in the focus of a glass lens, and form a 
small circle, which is nothing else than the image of the 
sun or moon, as may be easily perceived. 

. 2d. In proportion as the object approaches the glass, 
ibe image formed by the rays. proceeding from the object, 
irecedes from the glass ; i^o that when the distance of the 
^object is double that of the focus, the image is painted 
çxaçtly at the double; of that distance ; if the object con- 
tinues to approach, the image recedes more and more ; 
^4 when the object is in the focus, no image is formed ; 
for it is at an infinite distance that it is supposed to form 
i^elf. In this case therefore the rays which fall on the 
l^k^, diverging from each point of the object, are rcr 
fracted in such a manner, as to . proceed parallel to each 
other. 

. The method of determining, in general, the distance 
lîrom the lens at which the image of the object is formed, 
is as follows. Let oc be the object (fig. 39 pi. 11), de its 
distance from the glass, and ef the focal distance of the 
glass; if we make use of this proportion: as fd is to fe, 
fio is EF to EG, taking so on the other side of the glass 
.when ED is greater than ef, the point o will be that of the 

VOL. II. * Q ' 
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axis to which the point d of the object, situated in the 
axis, will correspond. 

Hence it may be easily seen, that when the distance of 
the object from the focus is equal to nothing, the distance 
EG must be infinite, that is to say there can be no image. 

It must also be observed that, when ef is greater than 
SD, or when the object is between the glass and the focus, 
the distance eg must be taken in a contrary direction, or 
on this side of the glass, as ^g; which indicates that the 
lays proceeding from the object, instead of forming aa 
image beyond the glass, diverge as if they proceeded firoii 
an object placed at g. 

Of Telescopes f both Refracting and Reflecting. 

Of all optical inventions, none is equal to that of the 
telescope: for, without mentioning the numeroas ad- 
vantages derived from the common use of this wondeffial 
instrument, it is to it we are indebted for the most interest- 
ing discoveries in astronomy. It is by its means that thé 
hutnan mind has been able to soar to those regions otbeiw 
wise inaccessible to man, and to. examine the principal 
facts which serve as the foundation of our knowledg^e re- 
iipecting the heavenly bodies. 

The first telescope was constructed in Holland, about 
the year 1609 ; but there is much uncertainty in regard to 
the name of the inventor, and the means he employed ip 
the formation of his instrument. A dissertation on thk 
subject may be seen in Montucla's History of the Mathe- 
matics. We shall confine ourselves at present to a de^ 
scription of the different kinds of telescopes, both refract- 
ing and reflecting, and of the manner in which thej 
produce their effect. 

Of Refracting Telescopes. 

Ist. The first kind of telescope, and that most com* 
monly used, is composed of a convex glasi^ called the 
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nbfect glasSf because it is that nearest the objects, and a 
eoncave one, called the eye-glass, because it is nearest the 
^e. These glasses must be disposed in such a manner, 
that the posterior focus of the object glass shall coincide 
with the posterior focus of the concave glass. By means 
6f this disposition, the object appears magnified in the 
fatio of the focal distance of the object glass, to that of the 
e3Fe^lass. Thus, if the focal distance of the object glass 
te iO inches, and that of the eye-glass 1 inch, the instru- 
ment will be 9 inches in length and will magnify objects 
10 times. 

This kind of telescope is called the Batmmrii on account 
of the place where it was invented. It is known also by 
the name of the Galilean, because Galileo, having heard 
€f it, constructed one of the same kind, and by its means 
Was enabled to make those discoveries in the heavens which 
Inrte immortalized his name. At present, very short te- 
iescopès only are made according to this principle; be- 
xurase they are attended with one defect, which is, that 
'When of a considerable length they have a very confined 

2d. The second kind of telescope is called the astronO" 
micalj because employed chiefly by astronomers. It is 
eomposed of two convex glasses, disposed in suctf a man- 
ter, that the postericM* focus of the object glass and the 
asiterior focus of the eye*glass coincide together, or very 
nearly so. The eye mus£ be applied to a small aperture^ 
at a distance from the eye-glass equal to that of its focus. 
It will then have a field of large extent, and it will show 
title objects inverted, and magnffied in the ratio of the focal 
distances of the object glass and eye-glass. If we take, by 
way of example, the proportions already ^nployed, the 
astronomical telescope will be 12 inches in length, and will 
magnify 10 times. 

Telescopes of very gt^at length may lie constructed 

92 
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according to this combination. It is common for astrdrio^ 
mers to have them of 12, 15, 20 and SO feet. Huygens 
constructed one for himself of 1 23 feet, and Hevelius em- 
ployed one of 1 40. But the inconvenience which attends 
the use of such long telescopes, in consequence of their 
weight, and the bending of the tubes, has made them be 
laid aside, and another instrument more commodious has 
been substituted in their stead. Hartsoecker made an ob- 
ject glass of 600 feet focus, which would hare produced 
an extraordinary effect had it been possible to use it. 

3d. The inconvenience of the Batavian telescopes, which 
suffer only a small quantity of objects to be seen at once, 
and that of the astronomical telescope, which represents 
them inverted, have induced opticians to devise a third 
arrangement of glasses, all convex, which represents, the 
objects upright^ gives the same field as the astronomical 
telescope, and which is therefore proper for terrestrial 
objects : on this account it is called the terrestrial telescope. 
It consists of a convex object glass, and three eqnal eye- 
glasses. The posterior focus of the object glass generally 
coincides with the anterior one ef the first eye-glass; the 
posterior focus of the latter coincides also with the ante- 
rior focus of the second, and in like manner the posterior 
focus of the second with the anterior one of the third, at 
the posterior focus of which the eye ought to be placed. 
This instrument always magnifies in the ratio of the focal 
distances of the object glass and one of the eye-glasses. 
But it may be readily seen that the length is increased 4 
times the focal distance of the eye-glass. 

4th. The image of objects might be made to appear 
upright by employing only two eyeglasses: for this pur- 
pose it would be necessary that the first should be at a 
distance from the focus of the object glass equal to twice 
its own focal distance; and that the anterior focus of Ûie 
second should be at twice that distance. Such is the ter- 
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restxial telescope with three glasses ; but experience has 
shown that, by this arrangement, the objects are somewhat 
deformed, for which reason it is no longer used. 
- 5th. Telescopes with 5 glasses have also been proposed, 
in order to bend the rays gradually, as we may say, and 
to obviate the inconveniences of the too strong refraction, 
which suddenly takes place at the first eye-glass ; and also 
to increase the field of vision. We have even heard of 
some telescopes of this kind which were attended with 
great success; but we do not find that this combination of 
glasses has been adopted. 

•' 6th. Some years ago, a new kind of telescope was in- 
vented, under the nan>e of thé achromatic^ because it is 
free from those faults occasioned by the different refrangi- 
bility of light, which in other telescopes produces colours 
and indistinctness. The only difference between this and 
other telescopes is, that the object glass, instead of being 
formed of one lens, is composed of two or three made of 
different kinds of glass, which have been found by expe- 
rience to disperse unequally the different coloured rays of 
which light is composed. One of thesQ glasses is of crown- 
glass, and the other of flint glass. An object glass of this 
kind, constructed according to certain dimensions deter- 
mined by geometricians, produces in its focus an image 
iàx more distinct than the common ones; on which ac- 
count much smaller eye-glasses may be employed without 
. affecting the distinctness, as is confirmed by experience.' 
These telescopes are called also Dollond^s telescopes, after 
the name of the English artist who invented them. By the 
above means, the English opticians construct telescopes of 
a moderate length, which are equal to others of a far 
greater size; and small ones, not much longer than opera- 
glasses, with which the satellites of Jupiter may be seen, 
are sold under Dollond's name at Paris. M. Antheaume, 
according to the dimensions given by M. Clairauit, made, 
in that capital, an achromatic telescope of 7 feet focal 
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distance, which when compared with a common one of SO 
or 35 feet, was found to produce the same e&ct. 

This invention gives us reason to hope that discoveries, 
will be made in the heavens, which a few years ago would 
have appeared altogether impossible. It is not improbai« 
ble even that astronomers will be able to discover io the 
moon habitations and animals, spots in Saturn, and Meiw 
Cury, and the satellite of Venus, so often seen and so ofifcea 
lost. 

To give an accurate idea of the manner in which tele» 
scopes magnify the appearance of objects, we shall take, 
by way of example, that called the astronomical telescope, 
as being the simplest. If it be recoUected^that a coavex 
lens produces in its focus an inverted image of objects 
which are at a very great distance, it will not be diffiooll 
to conceive, that the object glass of this telescope wUl 
form behind it, at its focal distance, an inverted image ol 
any object towards which it is directed. But, by the con- 
struction of the instrument, this image isr in the anterior 
focus of the eye-glass, to which the eye is applied ; con- 
sequently the eye will perceive it distinctly; for it is well 
known, that when an object is placed in the focus of a 
lens, or a little on this side of it, it will be seen distinctly 
through the glass, and in the same direction. The image 
of the object, which here supplies its place, being then 
inverted, the eye-glass, through which it is viewed, will 
not make it appear upright, and consequently the' obje^ 
will be seen inverted. 

In regard to the size, it is demonstrated, that the angle 
under which the image is seen, is to that under which the 
object is seen, from the same place, as the focal distance 
of the object glass, is to that of the eye-glass: hence the 
magnified appearance of the objeat. 

In terrestrial telescopes, the two first eye-glasses only 
invert the image } and this telescope therefore must re- 
present objects upright. But having said enough 
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fpeding refracting telescopes, we shall now proceed to 
reflecting ones. 

Of Reflecting Telescopes. 

Those who are well acquainted with the manner in which 
ejects are represented by common telescopes^ will readily 
conceive that the same effect may be produced by reflec* 
tion \ for a concave mirror, like a lens, paints on its focus 
Vï image of distant objects. If means then are found to 
reflect the image on one side, or backwards, in such a man- 
ner as to be made to fall in the focus of a convex glass, 
and to view it through this glas$, we shall have a reflecting 
telescope. It need therefore excite no surprise that be- 
fore Newton, and in the time of Descartes and Mersenne, 
telescopes on this principle were proposed. 

Newton was led to this invention while endeavouring to 
discover some method of remedying the want of distinctness 
in the images formed by glasses ; a fault which arises from 
Uie diflerent refrangibility of the rays of light that are de- 
composed. Every ray, of whatever colour, being reflected 
under an angle equal to the angle of incidence, the image 
is much more distinct, and better terminated in all its 
{Kurts, as may be easily proved by means of a concave 
inirror. On this account he was able to apply an object 
glass much smaller, which would produce a greater magni- 
fying power; and this reasoning was confirmed by ex- 
perience. • • 

Newton never constructed telescopes of more than 15 
inches in length. According to his method, the mirror 
was placed in the bottom of the tubç, and reflected the 
image of the object towards its aperture : near this aper- 
ture was placed a plane mirror, that is, the base of a small 
isosceles rectangular prism, silvered at the back, and in* 
«lined at an angle of 45 degrees. This small mirror re- 
.fieçted the image toward» the side of the tube, where there 
was a hole, into which was fitted a lens of a very short 
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focal distance, to serve as the eyeglass. The object then 
was viewed from the side, a method, in many cases, ex- 
ceedingly convenient. Mr. Hadley , a fellow of the Royal 
Society, constructed, in the year 1723, a telescope of this 
kind, 5 feet in length, which was found to produce the 
same effect as the telescope of 123 feet, presented to thB 
Royal Society by Huygens. 

The reflecting telescopes, used at present, are -con- 
structed in a manner somewhat different. The concaVe 
mirror, at the bottom of the tube, has a round hole in the 
middle, and towards the other end is a mirror, sometimes 
plane, turned directly towards the other one, which, re- 
ceiving the image near the middle of the focal distance^ 
reflects it towards the hole in the other mirror. Against 
this hole is applied a lens of a short focal distance, whidl 
serves as an eye-glass, or for viewing terrestrial objects, in 
order that they may appear upright ; and three eye-glasses 
are used, arranged in the same manner as in terrestribl 
telescopes. 

A telescope however may be made to magnify much 
more by the following construction. The large mirror, 
as in all the others, is placed at the bottom; and has a hole 
in the centre, before which the eye-glass is applied* - At 
the other end of the tube is another concave mirror, of a 
less focal distance than the former, and so disposed that 
the image reflected by the former is painted very near its 
focus, but at a Ht tie farther distance than the focus, from 
its surface. This produces another image beyond the 
centre, which is greater as the first one is nearer the focus: 
this image is formed very near the hole in the centre 'oF 
the large mirror, opposite to which the eye-glass is in 
general placed. 

This kind of reflecting telescope is called the Gregorian^ 
l)ecause proposed by Mr. James Gregory, even before 
Newton conceived the idea of his; and it is this -^ kind 
which is at present most in use. 
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. There is also the telescope of Cassegrain^ who employa 
a convex mirror to magnify the image formed by the first 
concave one. Dr. Smith thought it attended with so many 
advantages, that he was induced to analyse it in his Trea- 
tise on Optics. Cassegrain was a French artist, who pro- 
posed this method of construction about the year 1665, 
and nearly at the same time that Gregory proposed his. 
It is certain that the length of the telescope is by these 
means considerably diminished. 

The English, for a long time, have enjoyed a superiority 
in works of «this kind. The art of casting and polishing 
-the metallic mirrors, necessary for these instruments, is in- 
lieed exceedingly difficult. M. Passement, a celebrated 
French artist, and the brothers Paris and Gonichon, opti- 
cians at Paris, are the first who attempted to vie with them 
in this branch of manufacture ; and both have constructed 
a great number of reflecting telescopes, some of which are 
5 or 6 feet in length. Among the English, no artist dis- 
tinguished himself more in this respect than Short, though 
his telescopes were not of great length : besides some of 
.4, 5 and 6 feet, he made one of 12, which belonged some 
years ago to the physician of Lord Macclesfield. By ap« 
plying a lens of the shortest focal distance which it c^uld 
bear, it magnified about 1200 times. The satellites of 
Jupiter therefore, seen through this telescope, are said to 
have had a sensible apparent diameter. But this telescope, 
as we have heard, is no longer in existence, the large mir- 
ror being lost. 

The longest of all the reflecting telescopes ever yet 

constructed, if we except that lately made by Herschel, is 

one in the king's collection of philosophical and optical 

.instruments at la Meute ; it is the work of dom Noel, a 

.Benedictine, the keeper of the collection, and was begun 

several years before he was placed at the head of that 

'4istablishment, where he finished it, and where the curious 

.vrere allowed to see it, and to contemplate with it the 



S84 ftBVLECTINO TBLESCOPE8. 

heaveiML It is; mounted on a kind of moveable pedertal, 
and^ notwithstanding its enormous weight, can be moved 
in every direction, along with the observer, by a very 
simple mechanism. But what would be most interestingy 
is to ascertain the d^ree of its power, and wliether it pro» 
duces an e£Fect proportioned to its length, or at least con# 
siderably greater than the largest and best reflecting tele» 
seopes constructed before ; for we know that the e£kcts 
of these instruments, supposing the same exdlsllence ill 
the workmanship, do not increase in proportion to the 
length. 

Huygens' telescope of 123 feet, which be presented U 
the Royal Society, did not produce an effect quadrupb 
that of a good telescope of 30 feet ; and the case nast be 
the same in regard to reflecting telescopes, where thedifi* 
ficutties of the labour are still greater; so that if a tele» 
scope of 24 feet produce one half more effect than another 
of 12, or only the double of one of 6 feet, it ought, in our 
opinion, to be considered as a good instrument. 

We have heard that dom Noel was desirous of making 
this comparison, and the method he proposed was ration^k 
We have long considered it as the only one proper tot 
comparing such instruments. It is to place at the distaoee 
of several hundred feet printed <;haracters of every siae^ 
composing barbarous words without any meaning, in order 
that those who make the experiment may not be assisted 
by one or two words to guess the rest. The telescope by 
means of which the smallest characters are read, will ut^ 
doubtedly be the best. We have seen stuck up, on the 
dome of the Hospital of Invalids, pieces of paper of this 
kind, which dom Noel had placed there for the purpose of 
making this comparison ; but unfortunately such instru- 
ments cannot be brought to one place. Printed characters, 
such as above described, might therefore be fixed up at a 
convenient distance from each, without removing the io> 
struments, and persons, appointed for tbe purpose, ought 
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to go to the di£Ferent obseiratoriea, at times when the 
weather is exactly similar, and examine what cbaractert 
cai^ be read by each telescope. By this method a positive 
aoawer to the above question would be obtained. 

But the largest, and the most powerful,of all the reflecting 
telescopes, have been lately made by Dr. Hersçhel^ undec 
tjie auspices of the British monarch; a consequence o£ 
irilîch was the discovery of his new primary planet, and 
of many additional satellites. After a long perseverance 
in a series of improvements of reflecting telescopes, of the 
Newtonian form, making them successively larger and 
Hlofe accurate, this gentleman came at length to make one 
^of the amazing size of 40 feet in length. This telescope 
was begun in the year 1785, and completed in 1789. The 
length of the sheet iron tube is 40 feet, and diameter 4 feet 
10> inches. The great mirror is 49^ inches in diameter, 
S|> inches thick, and weighs 211 8/6^ The whole is managed 
by a large apparatus of machinery, of wheels and pulleys, 
by means of which it is easily moved in any direction» 
vertically and sideways. The observer looks in at the 
QUtet or object end ; from whence proceeds a pipe to a 
small house near the instrument, > for conveying infcurma- 
tion by sound, backward and forward to an assistant, who 
thus under cover sets down the time and observations 
made by the principal observer. The consequences of 
this, and the other powerful machines of this gentleman, 
have been new discoveries in the heavens of the most im* 
portant nature. 

PROBLEM XLV. 

Method of constructing a telescope^ by means of which an 
olycct maa^ be seen, even when the instruinent appears ta 
be directed towards another. 

As it is not polite to gaze at any one» a sort oi glass has 
hMfi' invented in England, by means of which, when the 
pefsonEi who uses it seems to be ^wiojg one object, he is 
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really looking at another. The construction of this instru- 
ment is very simple. 

Adapt to the end of an opera glass (fig* 40 pi. 11), the 
object glass of which in this case becomes useless, a tube 
with a lateral aperture as large as the diameter of the tube 
will admit, and opposite to this aperture place a small mir« 
ror inclined to the axis of the tube at an angle of 45 de- 
grees, and having its reflecting surface turned towards the 
object glass. It is evident that when this telescope is di» 
rected straight forwards, you will see only some of the 
lateral objects, viz, those situated near the line drawn from 
the eye in the direction of the axis of the telescope a:nd 
reflected by the mirror. These objects will appear up- 
right, but transposed from right to left. To conceal the 
artifice better, the fore part of the telescope may be fur- 
nished with a plane glass, which will have the appearance 
of an object glass placed in the usual manner. 

This instrument, which is not very common in France, 
is exceedingly convenient for gratifying one's curiosity in 
the playhouse, and other places of public amusement, 
especially if the mirror be so fixed, as to be susceptible of 
being more or less inclined ; for those who use it, while 
they seem to look at the stage and the performers, may 
without aflectation, and without violating the rules of 
politeness, examine an interesting figure in the boxes. 

We must however observe that the first idea of this in- 
strument is not very new; for the celebrated Hevelius, 
who it seems was afraid of being shot, proposed many yean 
ago his polemoscopey or telescope for viewing under cover, 
and without danger, warlike operations, and those in par- 
ticular which take place during the time of a siege. It 
consisted of a tube bent in such a manner as to form two 
elbows, in each of which was a plane mirror inclined at an 
angle of 45 degrees. The first part of the tube was made 
to rest on the parapet towards the enemy ; the image re- 
flected by the firstjnclinedmirror passed through the tube 
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in a perpendicular direction, and meeting with the second 
mirror was reflected horizontally towards the eye glass, 
where the eye was applied : by these means a person be- 
hind a strong parapet could see what the enemy were 
doing without the walls. The chief thing to be appre- 
hended in regard to this instrument was, that the object 
glass might be broken by a ball ; but this was certainly a 
trifling misfortune, and not very likely to happen. 

Of Microscopes. 

What the telescope has performed in the philosophy of 
^.heavenly bodies, the microscope has done in regard to 
that of the terrestrial : for by the assistance of the latter 
. we have been able to discover an order of beings which 
would otherwise have escaped our notice ; to examine the 
texture of the smallest of the productions of nature, and 
to observe phenomena which take place only among the 
most minute parts of matter. Nothing can be more curi- 
ous than the facts which have been ascertained by the as-^ 
dstance of the microscope : but in this part of science 
much still remains to be done. 

There are two kinds of microscopes ; simple and com- 
pound : we shall speak of both, and begin with the former. 

PROBLEM XLVI. 

Method of constiructing a single microscope. 

i I. Every convex lens of a short focal distance is a mi- 
croscope ; for it is shown that a lens magnifies in the ratio 
of the focal distance to the least distance at which the ob- 
ject can be placed to be distinctly seen ; which, in regard 
to most men who are not short-sighted^ is about 8 inches. 
tThus a lens, the focal distance of which is 6 lines, will 
oooagnify the dimensions of the object 16 times ; if its focal 
distance be only one line it will magnify 96 times* 

II. It is difficult to 4:onstruct a lens of so short a focus; 
as it is necessary that the radius of each of its convexities 
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should be only a line ; for this reason small glass globes, 
fased at an enameller's lamp, or the flame of a taper, are 
edaployed in their stead. The method by which this is 
done, is as follows. 

Break off a piece of very pure transparent glass, eith» 
by means of an instrument made for that purpose, or the 
wards of a key ; then take up one of these fragments by 
applying to it the point of a needle a little moistened with 
saliva, which will make it adhere, and present it to the blue 
flame of a taper, which must be kept somewhat inclined 
that the fragment of glass may not fall upon the wax. As 
soon almost as it is held to the flame it will be fused into a 
round globule, and drop down : a piece of paper there» 
fore, with a turned up border, must be placed below^io 
order to receive it. 

It is here to be observed that there are some Unds of 
glass trtiich it is difficult to fuse : in tUs case it will be ne- 
cessary to employ another kind. 

Of these globules select the brightest and roandeM; 
then take a plate of copper, 5 or 6 inches in length, atid 
about 6 lines in breadth, and having folded it double, make 
a hole it) it somewhat less in diameter than the globule, 
atid taise up the edges. If you then fix one of these 
globules in this hole, between the two plates, and bind 
them firmly together, you will have a single microscope. 

As it is easy to obtain globules of j-, -I- or ^ of a line in 
diameter, and as the focus of a glass globule is at the 
dbtance of a quarter of its diameter without it, we ftte 
enabled by this process to magnify objects in a very high 
degree ; for if the diameter of the globule be only 4- lifl^i 
by employing this proportion : as j^ of half a line, or 4, 
are to $6 lines, so is 1 to a fourth term, we shall have as 
fourth term the number 153, which will express the iù- 
crease of the diameter of the object. The object, there* 
fore, in regard to surface will be magnified 23409 times, 
and in regard to solidity 35S1677 times. 
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The celdl>rated LêweRhoeck, so well known on account 
of bis microscopical observations, never employed micro- 
scopes of any otber kind. It is however certain that they 
are attended with many inconveniences, and can be ased 
only for objects which are transparent, or at least semi- 
transparent, as it may be readily conceived that it is not 
po&^ble to illuminate a surface which is viewed in any 
other way than from behind. By means of these micro- 
scopes Lewenhoeck made a great number of curious ob- 
ftervations, an account of which will be found hereafter, 
under the head Microscopical Observations. 

III. The water microscope of Gray, which b much 
simpler, may be constructed in the following manner. 

Provide a plate of lead, -J. of a line in thickness at most, 
and make a round hole in it with a needle or a large pin ; 
pare the edges of this hole, and put into it, with the point 
d a feather, a small drop of water : the anterior and pos- 
terior surfaces of the water will assume a convex spherical 
form, and thus you will have a microscope. 

The focus of tsuch à globule is at a distance somewhat 
greater than that of a glass globule of equal size ; for the 
focus of a globule of water is at the distance of the radius 
firom its surface. A globule of water therefore, i a line in 
diameter, will magnify only 128 times ; but this deficiency 
is fully compensated by the ease with which a globule of 
toy diameter, however small, maybe obtained. 

If water be employed in which leaves, wood, pepper, or 
flour has been infused, in the open air, the microscope will 
lié both object and instrument ; for by this means the small 
microscopic animals which the water contains will be seen. 
Mr. Gray was very much astonished, the first time he ob- 
served this phenomenon ; but it afterwards occurred to him 
that the posterior surface of the drop produced, in regard 
to those animals placed between it and its focus, the same 
tsSkcVs us a concave mirror, and magnified their image, 
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which was still farther enlarged by the kind of convex lebs 
of the anterior surface. , 

IV. Another kind of microscope may be also procured 
at a very small expence, by making a hole of about the 
fourth or the fifth part of a line in diameter^ in a card or 
very thin plate of metal. If very small objects be viewed 
through this hole, they will appear magnified in the ratio 
of their distance from the eye, to that at which an object 
can be distinctly seen by the naked eye. — ^This kind of 
microscope is much extolled in the Journal de Trévoux;; 
but we must confess that we never could see small objectf 
distinctly through such holes^ unless at the distance of aa 
inch or half an inch ; and even then they did not appeaf 
to be much magnified. 

PROBLEM XLVIl. 

Of Compound Microscopes. 

The compound microscope consists of an object glass^ 
which is a lens of a very short focus, such for example af 
4 or 6 lines, and an eye-glass of 2 inches focus, at the 
distance from it of about 6 or 8 inches. The object must 
be placed a little beyond the focus of the object glass, aq4 
the distance of the eye from the eye-glass ought tp btf 
equal to the focal distance of the latter. Having formed 
such a combination of glasses^ if the object be made to ap* 
proach gently to the object glass, there will be a certain 
point at which it will appear to be considerably magni- 
fied. ' 

If the focal distance of the object glass be 4 lines, foC 
example, and if the object be 4t lines from it, the imagç 
will be formed at the distance of 64 lines, or 5 inches 4 
lines : it will therefore be 14 times as large as the objecti 
for 64 is to 4^ nearly as 14 to 1. If the focal distance of 
the eye-glass, in the focus of which this image is formed, 
be 2 inches, it will magnify about 4 times more : but 14 x, 4 
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»Bèd^ which expresses the number of times that the di»- 
flaeter of the object will appear to be magnified. 

If you are desirous that it should not be magnified so 
jDUch, remove gradually the object from the object glass, 
•»nd bring the eye-glass nearer; the image will then be 
seen not so large, but more distinct» 

On the other band, if you wish it to be magnified more, 
move the object gradually towards the object glass, or 
move the latter towards the object, and remove the eye- 
glass : the object will then appear much larger^ but there 
are certain limits beyond which everything seems confused* 

Instead of one ey&^glass, two are sometimes used to in- 
orease the field of vision ; the first of which has a focal 
distaiKe of 4 or 5 inches, while that of the second is much 
less; but this is still the same thing* The image of the 
^mall object must be placed, in regard to this compound 
eye-glass, in the same point where an object ought to be^ 
to be seen <|istinctly when viewed through it. 

A concave object glass might be employed, by making 
its posterior focus coincide with the image: this would 
form a kind of microscope similar to the Batavian tele<» 
scope ; but it would be attended with the same inconve- 
m^ice, that of having too contracted a field* 
• There are also refiecting microscopes as well as tele* 
icopes : the principle of both is the same, a minute object 
placed very near the focus of a concave mirror^ and on this 
fide of it, in regard to the centre, reflects an image oi it 
beyond the centre; and this image will be larger the 
nearer it is to the focus. The image is viewed through a 
convex lens, and in this kind of microscope an object glass 
of a much shorter focus may be employed, which will con^^ 
tribute to the amplification of the object. 

Every thing relating to this subject may be found in a. 
very curious work by Baker, entitled the Microscope made 
c^sy. The reader may consult also Smithes Optics, Part 4ê^ 
These works, and particnljarly the first, contain a great 
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variety of carious details respecting the method of ea^ 
ploying microscopes, and the observations made by meass 
ot them. See also Essais de Pht/siçue de Muschenbroeek. 
We intend to give an account of the most curious ob» 
servations which have been made by the assistance of the 
microscope ; but to avoid confusion we shall reserve that 
article for the end of this part of our woiis. 

PROBLEM XLVIIl. 

A very simple method of ascertaining the real magnitude ef 
obJectSy seen through a microscope. 

It is often useful, and may sometimes gratify cariosity, 
to be able to determine the real magnitude of certain ob* 
jects examined by means of the microscope : the following 
very simple and ingenious method for this purpose was in- 
vented by Dr. Jurin, a celebrated philosopher, andu feUow 
of the Royal Society of London. 

Take a piece of the finest silver wire possible to be ok 
tained, and roll it as close as you can around an iron 
cylinder, a few inches in length. It will be necessary to 
examine it with a microscope, in order to discover whether 
there be any vacuity or opening between thé folds; by 
these means you will ascertain, with great precision, the 
diameter of the silver wire. For if we suppose that there 
are 520 turns in the space of an inch, it is evident that 
the diameter of the wire will be the 520th part of an inch} 
a measure which cannot be obtained in any other manner. 

Then cut this silver wire into very small bits, and scatter 
a certain quantity of them over the small plate on which 
the objects, submitted to examination, are placed : if yon 
look at these bits of wire along with the objects, you will 
be enabled, by comparing them together,* to judge of tbe' 
aize of the latter. 

It was by a similar process that Dr. Jurin deterrained' 
the size of the globules which give to blood its red colour.* 
He first found that the diameter of \m silrer wire was tfi6 
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485th part of an inch, and then judged by comparison that 
the diameter of a red globule of the blood was a 4th part 
of that of the wire ; from which he concluded that the dia- 
laeter of the globule was the l^^Oth part of an inch. 

PROBLEM XLIX. 

To construct a Magic Picture, which being seen m a certain 
point, though a glass, shall exhibit an object d^erent 
from that seen with the naked eye. 

As this optical problem is solved by means of a glass cut 
into iacets^ or what is called a multiplying glass, we shall 
first explain the nature of such glasses. 

Multiplying glasses are generally lenses, plane on one 
ùde, and on the other cut into several facets in the form of 
a polyedron ; of this kind is the glass represented fig. 41 
«nd 42, plate 12, where it is seen in front, and also edge- 
wise. It^consists of a plane hexagonal facet in the centre, 
and six trapeziums arranged round the circumference. 

These glasses have the property of representing the 
object as many times as there are facets ; for if we suppose 
the object to be o, the rays which proceed from it fall upon 
ftll the faceits of the glass ad, dc, cb. Those which tra- 
verse the facet dc, pass through it as through a plane glass 
interposed between the eye and the object ; but the rays 
that proceed from a, to the inclined facet ad, experience 
Bt double refraction, which makes them converge towards 
the axis oe, nearly as they would do if they fell upon the 
spherical surface, in which the glass polyedron might be 
inscribed. The eye, being placed in the common point of 
concurrence, sees the point o, at (tf, in the continuation of 
the radius ef ; consequently an image of the point o, dif- 
ferent from the former, will be observed. As the same 
thing takes place in regard to each facet, the object will 
be seen as many times as there are facets on the glass, and 
in different places. * 

Now if we suppose a lumixioos point in the axis of the 

R 2 
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glass, aixl at a proper distance, all the rays which fall oft 
one facet will, after a double refraction, proceed to a piece 
of white paper placed perpendicular to the axis continued, 
and paint on it an image of that facet of a greater or less 
size, and which at a certain distance will be inverted. 
Consequently, if we suppose the eye to be substituted in* 
stead of the luminous point, and that the image itself k 
luminous or coloured, the rays which proceed from that 
image, or part of the paper, will terminate at the eye ; and 
they will be the only ones that reach it after experiencing 
a double refraction on the same facet : If the like reason* 
ipg be employed in regard to the rest, it may beeaûly 
seen that^ when the eye is placed in a fixed point, it will 
observe through each facet only a certain portion of die 
paper, and that the whole together will fill the field of 
vision, though detached on the paper ; so that if a certttto 
part of a regular and continued picture, be painted on eachi 
they will alt together represent that picture. 

The artifice then of the proposed magic picture^ after 
having fixed the place of the eye, that of the glass and Û» 
field of the picture, is to determine those portions- of tiie 
picture which shall alone be seen through the glass; to 
paint upon each the determinate portion^ according tea 
given subject, such as a. portrait, so that when united to- 
gether they may produce the painting itself; and in the 
last place to fill up the remainder of the field of the picture 
with any thing at pleasure; but arranging the whole in 
such a manner as to form a regular subject. 

Having thus explained the principle of this optics! 
amusement, we shall now show how it is to be put id 
practice. 

Let^ ABCD, fig. 43 pi. 12, represent a board, at the ex- 
tremity of which is fixed another in a perpendicular direc- 
tion, having at its edges two pieces of wood with groofet^ 
to receive a piece of pasteboard, covered with white fiVp^ 
or canvas. This pasteboard, which may be pushed in tf 
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drawn out at pleasure, is tbe field of the intended picture : 
fiDH is a vertical boards the bottom part of which must be 
contrived in such a manner, that it can be brought nearer 
to or farther from the painting ; and toward» the upper 
part it is furnished with a tube^ having at its anterior ex- 
tfàmity a glass cut into facets, and at the other a piece of 
card, in which is a small hole made by means of a nieedle, 
and to which the eye is applied. We shall here suppose 
thift glass to be plane on one side, and on the other to con- 
mst of six rhomboidal facets, placed around the centre, and 
of six triangular ones which occupy the remainder of the 
hexagon, 

^ When every thing is thus prepared, fix the support sdh 
at a certain distance from the field of the picture, accord- 
ing as you are desirous that the parts to be delineated 
should be nearer to or farther from each other* But this 
distance ought, at least, to be 4 times the diameter of the 
sphere in which the polyedron of the glass could be in- 
scribed ; and the distance of the eye from the glass may be 
equal to twice that diameter. Then place the eye at the 
hole K, the distance of which has been thus determined, 
and with a stick, having a pencil at the end of it, if the hand 
cannot reach the pasteboard, trace out, in as light a man- 
tier as possible, the outline of tbe space observed through 
one facet, and do the same thing in regard to the rest. 
This operation will require a great deal of accuracy and 
patience ; for, to render the work perfect, no perceptible 
interval must be left between the two spaces seen through 
two contiguous facets : it will be better on the whole if they 
father encroach a little on each other. Care must also be 
taken to mark each space with the same number as that 
assigned to each facet, in order that they may be again 
known. This however will be easy, by observing that the 
ipace corresponding to each facet is always transferred 
parallel to itself from top to bottom, or from right to left, 
QU the other side of the centre. 
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^ The next thing is to delineate the regular picture 'mn 
tended. to be seen, and to transpose it into the spacoi 
where it appears distorted. According' to mathematical 
accuracy, it would be necessary for this purpose to form 
a projection of the glass cut into facets, supposing the eye 
at'the distance at which it is really placed; but as we supi 
pose it a little more remote, we may without any sensible 
error assume, as the field of the regular picture, the rerticat 
projection, as seen fig. 44 n^. 1, where it is represented 
^uch as it would appear to the eye placed perpendicular]; 
above its centre, and at a very considerable distance. ; 

Delineate in the field, which in this case will be bext 
agonal, and composed of 6 rhomboids and 6 triangles, any 
figure whatever, as a portrait for example, and then, con* 
sidering that the space abed is that where the portion of 
the picture marked i ought to appear, it must be trans* 
ferred thither with as much care as possible ; do the same 
thing in regard to the rest ; and by these means the princi- 
pal part of the picture will be completed. But as it is 
intended to shew something else beside what ought to be 
seen, it must be disguised by means of some other ob» 
jects painted in the remaining part of the field, making 
them to harmonize with what is already painted, in such a 
manner, that the whole shall appear to form one regular 
and connected subject. All this however must depend on 
the taste and genius of the artist. 

In the Perspective curieuse of father Niceron, a much 
more minute explanation of the whole process may t^ 
found. Those to whom what is here said does not seeiq 
sufficient, must consult that work. Niceron tells us that 
be executed, at Paris, and deposited in the library of the 
Minimes, of the Place Royale, a picture of this kind, which 
when seen with the naked eye represented fifteen portraili 
of Turkish Sultans ; but when viewed through the ghuM 
was the portrait of Louis the 13th. 

A picture by Amadeus Vanloo, much more ingenious 
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was shown in the year 1759, in the exhibition room of the 
Royal Academy of Painting. To the naked eye, it was 
ail allegorical picture, which represented the Virtues, 
with their attributes, properly grouped ; but when seen 
through the glass, it exhibited the portrait of Louis the 
15th. 

* RsMABKs.-^lst. It is necessary to observe that the 
place of the glass, when once fixed, must be invariable ; 
fpr as glasses perfectly regular cannot be obtained, if they 
are moved it will be almost impossible to replace them io 
the proper point ; hence it will be necessary to be assured 
that the glass is of a good quality ; for if it be too alkaline, 
and happen to lose its polish bv the contact of the air, 
another capable of producing the same effect cannot be 
substituted in its stead. This is an accident which, ac- 
ciiording to what we have heard, happened to the glass of 
Ifanloo's picture. 

2d. Instead of a glass, like that employed in the above 
example, or of one inore compounded, a plain pyramidal 
glass might be employed, by which the problem would be 
greatly simplified. 

3d. A glasSy the portion of a prism, cut into a great 
number of planes parallel to its axis, might also be em- 
ployed; in this case the painting to be viewed through 
t^he glass ought to be delineated on parallel bands. 

4th. A glass might be formed of several concentric 
conical surfaces, or of several spherical surfaces of different 
diameters, likewise concentric : in this case the picture to 
be viewed through the glass ought to be. distributed in 
different concentric rings. 

' 5th. A magic picture might be formed by reflection. 
For this purpose, provide a metal mirror with facets well 
polished, and having very sharp edges ; place before it» 
in a direction parallel to its axis, a piece of white paper or 
card, and by means of the principles above explained 
delineate a picture» which when viewed in front by thft 
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naked eye shall represent a certain subject \ if yon tbcftf ' 
make a hole in the middle of the picture, and look through 
this hole at the image of it formed by the mirror, it will 
appear to be entirely different. 

FBOBLEM L. 

To construct a Lantern, by means of which a book can be 

read at a great distance^ at night. :,' 

Construct a lantern of a cylindric form, or shaped like a 
small cask placed lengthwise, so that its axis shall be hori-- 
zontal; and in one end of it fix a parabolic mirror, of 
merely a spherical one, the focus c^ which falls about the* 
middle of the length of the cylinder: if a taper or lamp- 
be then placed in this focus, the light will be reflectod 
through the open end, and will be so strong that very 
small print may be read by it at a great distance, if looked 
at through a telescope. Those who see this light at a 
distance, if standing in the axis of the lantern eontinaedi 
will imagine that they see a large fire. 

PROBLEM LI. * ■ 

To construct a Magic Lantern. 

The name of magic lantern, as is well known, is girett 
to an optical instrument, by means of which figures greatly 
magnified may be represented on a white wall or cloth. 
This instrument, invented, we believe, by Father Kircher» 
2^ Jesuit, has become a useful resource to a great number 
of people, who gain their livelihood by exhibiting this^ 
spectacle to the populace. But though it has fallen into* 
vulgar hands, it is nevertheless ingenious, and deserves a 
place in this work. We shall therefore describe the 
method of constructing it, and add a few observations^ 
which may tend to improve it, and to render it more 
interesting. 

First, provide a box about a foot square (fig. 45 pi. lS)t 
pf tin-plate, or copper or wood, and make a bole towarda^ 
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^le middle of the fore*part of it^ about 8 inches in diameter : 
into this hole let there be soldered a tube, the interior 
aperture of which must be furnished with a very trans- 
parent lens, having its focus within the box, and at the 
distance of two thirds or three fourths of the breadth of 
the box. In this focus place a lamp with a large wick, in 
order that it may produce a strong light; and that the 
machine may be more perfect, the lamp ought to \}e moye- 
^le, so that it can be placed exactly in the focus of the 
leas. To avoid the aberration of sphericity, the lens in 
question may be formed of two lenses, each of a double 
focus. This, in our opinion, would greatly contribute to 
the distinctness of the picture. 

. At a small distance from the aperture of the box, let 
there be a slit in the tube, for which purpose this part of 
U must be square, capable of receiving a slip of glass sur- 
ipounded by a frame, 4 inches in breadth, and of any 
l^gth at pleasure. Various objects according to fancy 
ar^ç painted on this slip of glass, with transparent colours ; 
l^ut in general the subjects chosen are of the comic and 
grotesque kind (fig. 46 pL IS). 

Another tube, furnished with a lens of about 3 inches 
ÙKsA distance, must be fitted into the former one, and in 
such a manner, that it can be drawn out or pushed in as 
may be found necessary. 

Having thus given a description of the machine, we shall 
now explain its effect. The lamp being lighted, and the 
machine placed on the table opposite to a white wall, if it 
be exhibited in the day time, shut the windows of the aparté 
ment, and introduce into the slit above mentioned one of 
die painted slips of glass, but in such a manner that the 
figures may be inverted t if the moveable tube be then 
poshed in or drawn out, till the proper focus is obtained, 
the figures on the glass will be seen painted on the wall in 
their proper colours, and greatly magnified. 

If the other end of the movesJ)le tube be furnished with 
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a lens of a maeh greater focal distance, the luminous field* 
-will be increased, and thé figures will be magnified in pro** 
portion. It will be of advantage to place a diaphragm in 
this moveable tube, at nearly the focal distance of the first 
lens, as it will exclude the rays of the lateral objects, and' 
thereby contribute to render the painting much mord' 
distinct. 

We have already said that the small figures on the glasi' 
must be painted with transparent colours. The colotm* 
for this purpose may be made in the following nlann^ ; 
red by a strong infusion of Brasil wood, or cochineal, ef 
carmine, according to the tint required ; green by a so* 
lution of verdigris ; or for dark greens, of martial vitriol 
(sulphate of iron); yellow» by an infusion of yellow berries; 
blue, by a solution of vitriol of copper (sulphate of copper); 
these three or four colours, as is well known, will be tQ& 
ficient to form all the rest: they may be mixed up anif 
rendered tenacious by means of very pure and transparent 
gum-water, after which they will be fit for painting bft 
glass. In most machines of this kind, the paintings are so- 
coarsely executed, that they cannot fail to excite disgust; 
but if they are neatly designed, and well finished, this 
small optical exhibition must afford a considerable degree 
of pleasure. 

PROBLEM LII. * 

Method of const rticting a Solar Microscope. 

The solar microscope, for the invention of which we 
are indebted to Mr. Lieberkun, is nothing else properly: 
speaking than a kind of magic lantern, where the sua. 
performs the part of the lamp, and the small objects ex«* 
posed on a glass or the point of a pin, that of the figuret 
painted on the glass slips of the latter. But the following^ 
is a more minute description of it. 

Make a round hole in the window shutter, about 3 inches; 
in diameter, and place in it a glass lens of about 12 iocties 
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focal distance. To tlie inside of the bole adapt a tube 
haying, at a small distance from the lens, a slit or aperture^ 
capable of receiving one or two very thin plates of glass^ 
to which the objects to be viewed must be affixed by 
means of a little gum water exceedingly transparent. Into 
this tube fit another, furnished at its anterior extremity 
with a lens of a short focal distance, such for example atf 
baif 4n inch. If a mirror be then placed before the hole 
io the window shutter on the outside, in such a manner as 
to throw the light of the sun into the tube, you will have 
a solar microscope. The method of employing it is as 
follows. 

. Having darkened the room, and by means of the mirror 
reflected the sun's rays on the glasses in a direction parallel 
to their axes, place some small object between the two 
moveable plates of glass, or affix it to one of them with 
Viery transparent gum water, and bring it exactly into the 
axis of the tube : if the moveable hibe be then pushed ïïi 
or drawn out, till the object be a little beyond the focus, 
it will be seen painted very distinctly on a card or piece of 
white paper, held at a proper distance ; and will appear 
to be greatly magnified. A small insect, such as a flea for 
example, may be made to appear as large as a sheep, or a 
hair as large as a walking stick: by means of this instru- 
ment the eels in vinegar, or flour paste, will have the ap- 
pearance of small serpents. 

t . Remark. — As the sun is not stationary, this instrument 
is attended with one inconvenience, which is, that as this 
hiiiiinary moves with great rapidity, the mirror on the 
outside requires to be continually adjusted. This defect 
Iiowever s'Gravesande remedied by means of a very in- 
genious machine, which moves the mirror in such a man- 
Ber, that it always throws the sun^s rays into the tube. 
This machine, therefore, has been distinguished by the 
name of the soUsta. 

s âome curious details respecting the solar microscope 
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may be seen in the French Translation of Smith's Optics, 
where several useful inventions for improving it, and for 
which we are indebted to Euler, are explained. Â method, 
invented by ^pinus, of rendering it proper for represent* 
ing opake objects, will be found there also. It consist» 
in reflecting, by means of a large lens and a mirror, the con- 
densed light of the sun on the surface of the object, prO' 
sented to the object glass of the microscope. M. Mamen- 
thaler, "a Swiss optician, proposed a different expedient 
But solar microscopes are still attended with another in- 
convenience : as the objects are very near the focus of the 
first lens, they are subjected to a heat which soon destroys 
or disfigures them^ Dr. Hill, who made great use of this 
microscope, proposed therefore to employ several lamps, 
the light of which united into one focus is exceedingly 
bright and free from the above inconvenience ; but we do 
not know whether he ever carried this idea into practice^- 
and with what success, 

PROBLEM LIII. 

Of Colours i and the different Refrangibility of Light. 

One of the noblest discoveries of the 17th century, VÈ 
that made by the celebrated Newton, in 1666, respecting' 
the composition of light, and the cause of colours. Wbû 
could have believed that white, which appears to be S 
colour so pure, is the result of the seven primitive unalter*^ 
able colours mixed together in a certain proportion! This 
however has been proved by his experiments. 

The instrument which he employed for decomposing 
light in this manner, was the prism, now well known^ but 
at that time a mere object of curiosity on account of the 
colours, with which every thing viewed through it seems 
to be bordered. But on this subject we shall confine our- 
selves to two of Newton's experiments, and a deduction of 
the consquences which result from them. 

If a ray of solar light, an inch or half an inch in diameter 
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(fig. 47 pi. 13)9 be admitted into a darkened room, so as 
to fall on a prism placed horizontally, with a piece of white 
paper behind it, and if the prism be turned in such a 
manner, that the image seems to stop ; instead of an image 
of the sun nearly round, you will observe a long^ perpen- 
dicular band, consisting of seven colours^ in this invariable 
(Mrder, red, orange, yellow, green, blue, indigo, violet. 
When the angle of the prism is turned downwards, the 
red will be at the bottom, and vice versa ; but the order 
will be always the same. 

From this, and various other experiments of a similar 
kind, Newton concludes, 

1st. That the light of the sun contains these 7 primitive 
colours. 

2d. That these colours are formed by the rays ex- 
periencing different refractions; and the red, in particular, 
is that which is the least broken or refracted ; the next is 
the orange, &c ; in the last place, that the violet is that 
which, under the same inclination, suffers the greatest re^ 
fraction. The truth of these consequences cannot be 
denied by those who are in the least acquainted with geo* 
metry. 

But the nicest experiment is that by which Newton 
proved, that these differently coloured rays are afterwards 
unalterable. To make this experiment in a proper man- 
ner, it will be necessary to proceed as follows : 

In the first place, the hole in the window shutter of the 
darkened room must be reduced to the diameter of a line 
at most; and the light every wtiere else must be carefully 
excluded. When this is done, receive the solar rays on a 
large lens, of 7 or 8 feet focu3, placed at the distance of 
15 feet from the hole, and a little beyond the lens place a 
prism, in such a manner, that the stream of light may fall 
upon it. Then hold a piece of white card at such a distance' 
^utt the image of the sun would be painted upon it with- 
out the interposition of the prism, and you will see painted 



S54 COLOI7BS AND EEFRACTIOKS: 

on the card, iostead of a round Mmage; a very narrovf 
coloured band, containing the seven primitive colours. 

Then pierce a hole in the card^ about a line in diameter^ 
and suffer any one of the colours to pass through it, taking 
care that it shall do so in the middle of the space which it 
Occupies, and receive it on a second card placed behind the 
former. If intercepted by another prism, it will be found 
that it no longer produces a lengthened, but a rountf 
image, and all of the same colour. Besides, if you hold i» 
that colour any object whatever, it will be tinged by it y 
and if you look at the object with a third prism, it wiU be 
seen of no other colour but that in which it is immierMd^ 
and without any elongation, as when it is immersed In light 
susceptible of decomposition. 

This experiment, which is now easy to those tolerably 
well versed in philosophy, proves the third of the principal 
fisu^ts advanced by Newton. 

3d. That when a colour is freed from the mixture of 
others, it is unalterable ; that a red ray, whatever refractioD 
it may be made to experience, will always remain red> 
and so of the rest. 

It does no great honour to the French philosophers of 
the l7th century to have disputed, and even declared false, 
this assertion of the English philosopher, especially on no- 
better foundation than an experiment so badly performed,, 
and so incomplete as that of Mariotte. We even cannot 
help accusing that philosopher, who in other respects de- 
serves great praise, of too much precipitation ; for bis ex- 
périment was not the same as that described by Newton in 
the Philosophical Transactions, for 1666; and it maybe 
readily seen that, if performed according to Mariotte^i 
manner, it is impossible it should succeed. 

However, it is at present certain, notwithstanding the 
remonstrances of Father Castel and the Sieur Gautier* 

* The Sieur Gautier, who pretended to be the inventor of the method of 
eDg;raving in colour*}, opposed with great violence, in the year I7ô0| tlM 
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that there are in nature seven primitive, homogeneous 
€K>]our8y unequally refrangible, unalterable, and which are 
the eause of the different colours of bodies ; that white 
icontains them all, and that all of them together compose 
wUte ; that what makes a body be of one colour rather 
than another, is the configuration of its minute parts^ 
which causes it to reflect in greater number the rays of 
that particular colour ; and in the last place that black is 
die privation of all refleiction; but this is understood of 
perfect black, for the material and common black is onljr 
an exceedingly dark blue. 

' Some people, such as Father Castel, have admitted onljt 
three primitive colours, viz red, yellow and blue, because 
red and yellow form orange ^ yellow and blue green, and 
blue and red violet or indigo, according as the forn^r or 
the latter predominates. But this is another error. It i» 
tery true that with two rays, one yellow and the other 
blue, green can be formed; and this holds good also in 
vegard to material colours, but \the green of the coloured 
image of the prism is totally different : it is primitive^ and 
stands the same proof as red, yellow or blue, without being 
decomposed. The case is the same witli oranige, indigo, 
and violet. 

PROBLEM LIV. 

Of the Rainbcw; how formed; method of making an ~artp- 

fcial one» 

Of all the phenomena of nature, none has excited more 
the admiration of mankind, in all ages, than the rainbow ; 
but there is none perhaps at present which philosophy can 
ea^plain in a more satisfactory manner. 

theory of Newton, both in regard to colours and to the system of the nni- 
-ferse. His reasoning and experiments, however, are' as eonclesiye as ex- 
pcrvneots made .with » faulty air^omp welild be against the gravity of the 
i^osphç^e.' For thjs re^n, he never had any partisans but a few of his. 
own countrymeot one of whom ^um a poet, who had found out that objects 
are not painted on the retina iu an inverted position. 
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The rainbow is formed by the solar rays being decom- 
jwsed into their principal colours, in the small drops of 
Tain, by means of two refractions, which they experience 
' in entering them and issuing from them. In the interior 
rainbow, whiL-h often appears alone, the solar ray enters at 
the upper part of the drop, is reflected against the bottom, 
and issues at the lower side. This decomposition may be 
Been fig, 48. In the exterior rainbow, the rays enter at the 
bottom of the drop, experience two reflections, and issue 
ftt the upper part. Their progress and decomposition, 
which produces colours in an order contrary to tlie former, 
are represented fig. 49. Hence the colours of the exterior 
rainbow appear to be inverted, in regard to those of the 
first. 

The manner in which the eye perceives this double series 
of colours is seen fig. 50. 

But the expjunation would be incomplete if we did not 
show that there is a certain determinate inclination, under 
which the red rays issue parallel, and as close to each other 
as possible, while all the rest are divergent; that there is 
' another under whictithe green rays issue in this manner; 
ud so of the test. It is by this alone that they can pro- 
duce an etfect on a distant eye. 

This explanation of the rainbow is confirmed by a sim- 
ple experiment. When the sun is very near the horizon, 
luspend in an apartment a glass globe filled with water, in 
such a manner as to be illuminated by the sun ; and place 
Jourself with your back to that luminary, so that the globe 
flball be elevated, in regard to your eye, about 42 degrees 
above the horizon. By advancing or retiring a little, you 
will not fail to meet with the coloured rays, and it will be 
easily seen that they issue from the bottom of the globe; 
it will be seen also that the red ray issues from it under 
the greatest angle with the horizon, and the violet, which 
is the lowest one, under the least, so that the red must be 
without the axis, and the violet within it. 
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Then raise the globe, in regard to your eye, to 54 de- 
grees, or continue to approach it till it be elevated at that 
angle, and you will meet with the coloured rays issuing 
ftom the top of it ; first the violet, and then the blue, 
green and red, in an order altogether contrary to the pre- 
ceding. If you cover, in the first case, the upper part of 
the globe, and in the second the lower part, no colours 
will be produced ; which is a proof of the manner in which 
they enter it, and issue from it. 

The spectacle of an artificial rainbow may be easily ob- 
tained ; it is seen in the vapour of a jet of water, when the 
vTmd disperses it in minute drops. For this purpose, place 
jrourself in a line between the jet of water and the sun, 
with your back turned towards the latter. If the sun be 
at a moderate elevation above the horizon, by advancing 
towards the jet of water or receding from it, you will soon 
find a point from which a rainbow will be seen in this 
dhips thaik fall down in fine light-rain. 

If there be not a jet of water in thé neighbourhood, you 
viaymake one at a very small expence. Nothing will be 
necessary but to fill your mouth with water, and having 
turned your back to the sun when at a moderate elevation, 
to spurt the water into the air as high as possible, and iff a 
direction somewhat oblique to the horizon. The imita- 
tion of this phetiomenon may be greatly facilitated by em- 
ploying a syringe, which will scatter the water in very 
small drops. 

If you are desirous of performing the experiment in a 
manner still easier, fill a very transparent cylindric glass 
bottle with water, and place it on a table in an upright 
position ; place a lighted candle^ at the same height, and 
at the distance from it of 10 or 12 feet, and then walk in 
a transversal direction between the light and the bottle, 
l^eping your eye at the same elevation. When you have 
reached a certain point, you will see bundles of coloured 
rays issuing from one of the sides of the bottle, in the fol- 
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lowing order: violet, blue, yellow, red; and if you con- 
tinue to walk transversely, you will meet with a second 
series, in a contrary order, viz, red, yellow, blue and 
violet, proceeding from the other side of the bottle. TUb 
is exactly what takes place in regard to the drops of rani; 
and to imitate the phenomenon completely, seven simikyr 
bottles might be arranged in such à manner» that the -eye 
being placed in the proper point, one of the seven ix>lmm 
should be seen in each ; and seven others might be arranged 
at some distance, so as to exhibit the same colours in an 
inverted order. 

Two rainbows would still be produced, even if tbe loknr 
rays were not di£Kerently refrangible ; but they weuU iie 
destitute of colour, and would consist only of twooircnkr 
bands of white or yellowish light. 

The rainbow always forms a portion of a circle wtomtà 
the line drawn from the sun and pasring through tbe mfà 
of the spectator ; for this reason, when the sun b elafKai 
^ove the horizon^ the rainbow is less daan a sendeirck; 
but when the sun is in the horizon, it is equal to « shok 
circle. 

Â rainbow however has been seen larger than a semi- 
circle, and which intersected the common rainbow ; but 
this phenomenon was produced by the image of tbe su» 
reflected from the calm, smooth surface of a river. The 
image of the sun, in this case, produced the same ^fieotas 
if that luminary had been below the horizon. 

Dr. Hall^y has calculated, from the ratio of die difletent 
refrangibilities of the sun's rays, that the semi^-diameter^of 
the interior rainbow, taken in the middle of its exMit^ 
ought to be 41 "* 10'; and that its breadth, which would be 
only 1° 45' if the sun were a point, ought to be 2"* 15' OB 
account of the apparent diameter of that luminary. Thb 
apparent diameter is the cause why the colours are not 
separated from each other^ with the same distiactneas n 
they would be, if tbe sun were a luminous point : tbe radium 
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of the exterior rainbow, taken in the same manner, that is 
to say in the middle of its extent, is 52*" 30^. 

This geometrician and astronomer not only calculated 
the dimensions of that rainbow which actually appears to 
us in the heavens, but of those also which would be pro- 
duced if the light of the sun did not issue from the drop of 
water till after 3, 4, 5, 8cc, reflections ; whereas, in the 
priinâpal and interior rainbow, it issues after one, and in 
thB second or exterior one, after two. By these calcula- 
tions it H found that the semi-diameter of the third rain- 
t^oWf counted from the place of the sun, would be 41^; that 
ci the fourth, 43* 50' ; &c. But geometry here gùe» much 
fiutber than- nature : for besides the continued weakness 
of the rays, which would render these rainbows scarcely 
perceptible, being towards the sun, they would be lost 
amidst the splendour of that luminary. If the drops which 
£orra the rainbow, instead of being water, were glass, the 
«Doan semi-diameter of the interior rainbow would be 
iB2* 52' J and that of the exterior 9"" 30', towards the side 
opposite to the sun. 

PROBLEM LV. 

Analogy between Colours and the Tones of Music. Of the 
Ocular Harpsichord tf Father CastcL 

As soon as it had been observed that thcnre were seven 
primitive colours in nature, there was some reason to eon- 
oeive that there might be an analogy between these colours 
and the tones of music ; for the latter form a series of seven 
in the whole extent of the octave. This observation did 
not escape Newton^ who remarked also that, in the colour* 
^ spectrum, the spaces occupied by the Violet, indigo, 
^lue, &c, correspond to the divisions of the mdnoch^mil, 
wUch gives the sounds rc^ Km^fa^ solj la^ si, ut, re. 

Newton on this subject proceeded no farther. But 
«Father Castel, whose visionary scheme is well known, en- 
larged tlm idea ; ami éa the abov« aMlogy of sounds 

s 2 
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founded a system, in consequence of which he promised 
to the eyes, but unfortunately without success, a new pleaf« 
sure similar to that which the ears experience from a 
concert. 

Father Castel, for reasons of analogy, first changes the 
order of the colours into the following, viz, blue, green, 
yellow, orange, red,* violet, indigo, and in the last placé 
blue, which forms as it were the octave of the first. These, 
according to his system, are the colours which correspond 
to the diatonic octave of our modern music, ut, re, wi^fà, 
solj Idy si, ut. Thov flats and the sharps gave him no em- 
barrassment ; and the chromatic octave divided into*' ttl 
twelve colours, was blue, sea-green, olive-greeni yeltef»*, 
apricot, orange, red, crimson, violet, agate, indigo j blue, 
which corresponded to ut, ut"^, re, re"^, mi, fa, fa^, sol, 
set% la, Ufl,si, ut. 

Now if a harpsichord be constructed in such a manner, 
says Father Castel, that on striking the key ut, instead of 
hearing a sound, a blue band shall appear ; that on strik- 
ing re, a green one shall be seen, and so on, you will have 
the required instrument ; provided that for the first octave 
of ut a different blue be employed. But what are we to 
understand by a blue an octave to another? We do not 
find that Father Castel ever explained himself on this sub- 
ject in a manner sufficiently clear. He only says that as 
there are reckoned to be twelve octaves appreciable by 
the ear, from the lowest sound to the most acute, there aire 
in like manner twelve octaves of eolours, from the darkest 
blue, to the lightest ; which gives us reason to believe that 
since the darkest blue is that which ought to represent the 
lowest key, the blue corresponding to the octave must be 
formed of eleven parts of pure blue, and one of white; 
that the lightest must be formed of one part of blue and 
eleven parts of white, and so of the rest. 

However, Father Castel did not despair of producing by 
these means an ocular music, as interesting to the eyes* as 
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the common music is to well organised ears ; and he even 
thought that a piece of music might be translated into 
colours for the use of the deaf and dumb. " You may 
conceive," says he, " what spectacle will be exhibited by 
aroom covered with rigadoons and minuets, sarabands and 
passcailles, sonatas and cantatas, and if you choose with the 
complete representation of an opera ? Have your colours 
well diapasoned, and arrange them on a piece of ca.nvas 
according to the exact series, combination and mixture of* 
the tones, the parts and concords of the piece of music 
which you are desirous to paint, observing all the difierent 
values of the notes, minims, crotchets, quavers, syncopes, 
rcAts, &c; and disposing all the parts according to the 
ordjer of counter-point. It may be readily seen that this 
13 not impossible, nor even difficult, to any person who has 
studied the elements of painting, and at any. rate that a. 
piece of tapestry of this kind would-be equal to those 
^here the colours are applied as it. were at hazard in the 
same manner as they are in marble. 
. " Such a harpsichord," continues he, " would be an ex- 
cellent school for painters, who might find in Jt all the 
secrets and combinations of the colours, and of that whick 
ijS called claro-obscuro. But even our harmonical tapestry 
would be attended with its advantages ; for one might con- 
template there at leisure what hitherto could be heard only 
in passing with rapidity, so as to leave little time for re- 
flection. And what pleasure to behold the colours in a 
.. ijÉliflposition truly harmonical, and in that infinite variety of 
combinations which harmony furnishes! The design alone 
pf a painting excites pleasure. There is certainly a design 
Id a piece of music ; but it is not so sensible when the piece. 
^. played with rapidity. Here the eye will contemplate it 
at leisure: it will see the concert, the contrast of all the 
parts, the effect of the one. in opposition to the other, the 
fugues, imitations, expression, concatenation of the ca« 
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dences, and progreàs of the modulntion. And can it be 
believed that those pathetic passages, those graud traits of 
harmony, those unexpected changes of tone, that always 
cause suspension y languor, emotions, and a thousand un- 
expected changes in the soul which abandons itaelf to tfawnij 
will lose any of their energy in passing from the ears to tft» 
eyes, Sec ? It will be curious to see the deaf applauding the 
same paisages, as the blind, &c. Green, which Cofrfe* 
«ponds to Toy will no doubt show that the tone te is rttral, 
agreeable and pastoral; red, which corresponda to «i^ 
will excite the idea of a warlike and terrific tone ; bhiei 
which corresponds to t^, of a noble, majestic and celertial 
tone \ 8cc. It is singular that the colours should iMcve the 
proper characters ascribed by the ancients to the exACt 
tones which correspond to them, but a great deal miglit 
be said, &c. 

*^ A spectacle might be exhibited of all forms human 
and angelical, animals, birds, reptiles, fishes^ quadrupèdes, 
and even geometric figures* By a simple game the whole 
series of Euclid's Elements might be demonstrated/' Fa- 
ther CastePs imagination seems here to conduct him in the 
straight road to Bedlam. 

These passages of Father Castel are so singular, that 
we could not help quoting them; but unfortunately all 
bis fine promises came to nothing. He had constructed a 
model of his harpsichord, as he tells us himself, so early as 
the end of the year 1734, and he spent almost the remam» 
der of his life, till the time of his death, which took |dac/ 
in 1757, in completing his instrument, but without suc^ 
cess. This harpsichord, constructed at a great expenee, 
as we are told by the author of his life, neither answered 
the author's intention, nor the expectation of the public. 
And indeed if there be any analogy between colours and 
sounds, they differ in so many other pcnnts, that it need 
excite no wonder that this project should miscarry. 
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PROBLEM LVI. 

To compose a Tabk representing all the Colours; and to de-' 

termine their number. 

Though Newton has proved the homogeneity of the 
colours into which the solar rays are decomposed, and the 
orange, green and purple produced by this decomposition 
are no less unalterable, by farther r^ikction, than the red, 
yellow and blue, it is however well known that with the 
three latter, the three former, and all the other colours of 
aatore, can be imitated : for red combined with yellow, in 
difierent proportions, gives all the shades of orange ; yellow 
and blue produce pure greens ; red and blue violets, pur- 
ples and indignes ; in short, the different combinations o£ 
these compound colours, give birth to all the rest. On 
these principles is founded the invention of the chromatic 
triangle, which serves to represent them. 

Construct an equilateral triangle, as seen Plate xv 
fig. 51, and divide the two sides adjacent to the vertical 
angle into 13 equal parts: if parallel lines be then drawn 
through the points of division, in each side, they will form 
91 equal rhombuses. 

In the three angular rhombs place the three primitive 
colours, red, yellow, and blue, having an equal degree of 
strength, and as we may say of concentration; conse- 
quently, between the yellow and blue, there will be left 1 1 
rhomboidal cells, which must be filled up in the following 
manner: in that nearest the yellow put 11 parts of yellow 
and 1 of red ; in the next, 10 parts of yellow and 2 of red, 
&c ; so that in the cell nearest the red there will be 1 part 
of yellow and 11 of red : by these means we shall have all 
the shades of orange, from the one nearest red to that near* 
est yellow. By filling up, in like manner, the interinédi* 
m«e cells, between red and blue, and between blue and 
yellow, the result will be all the shades of purple, and 
all those of green, in a siunlar gradation. 
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To fill up the other cells, let us take for example those 
of the third row below red, where there are three cells. 
The two extreme Cells being filled up on the one side with 
a combination of 10 parts of red and 2 of yellow, and on 
the other with a combination of 10 parts of red. and S of 
blue, the middle cell will be composed of 10 parts ofred, 
1 of blue and 1 of vellow. 

In the band immediately below, we shall have, for ii» 
same reason, in the first cell towards the yellow, 9 paiiis 
of red and 3 of yellow ; in the next, 9 parts of red, 2 of 
yellow and 1 of blue ; in the third, 9 parts of red, 1 of 
yellow and 2 of blue; in the fourth, 9 parts of red, and S 
of blue : and the case will be similar in regard to the lower 
bands; but we shall here content ourselves with detailing 
the colours in the last except onç, or that above the band 
containing the greens, the cells of which must be filled op 
as follows : In 

The 1st on the left, 11 parts yellow and 1 of I'ed, 
The 2d, 10 parts yellow, 1 red, 1 blue. 
The 3d, 9 parts yellow, 1 red, 2 blue. 
The 4th, 8 parts yellow, 1 red, 3 blue. 
The 5th, 7 parts yellow, I red, 4 blue. 
The 6th, 6 parts yellow, 1 red, 5 blue. 
The 7th, 5 parts yellow, l red, 6 blue. 
The 8th, 4 parts yellow, 1 red, 7 blue. 
The 9th, 3 parts yellow, I red, 8 blue. 
The 10th, 2 parts yellow, I red, 9 blue. 
The 11th, 1 part yellow, 1 red, 10 blue. 
The 12th, part yellow, 1 red, 11 blue. 

This band, as may be seen, contains all the greens of 
the lowest band into which one part of red has been thrown. 
In like manner, there will be found in the band .parallel to 
the purples all the purples with which 1 part of yi&llow has 
been mixed ; and in the band parallel and contiguous to 
the oranges, all the orange colours with one part of blqe. 
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r In: the central cell of the .triangle there are 4, parts of 
reel, .4 of blue, and 4 of yeUow. 

AU these mixtures might be easily made with, colours 
ground .e:¥ceedingry fine ; and if the proper quantities were 
employed we have no doubt that they .would produce all 
the shades of the different colours. But if all the colours 
of^ Datpre, from the lightest to the darkest, that is from 
black to white^ be required, we shall find for each cell 12 
degrees of gradation to white, and 12 others to black. If 
91 therefore be multiplied by 24, we shall have 2 184 per- 
ceptible colours; to which if we add 24 grays, forined by 
the combination pf pure black and white, and, white and 
black, the number of compound colours, which we believe 
to be distinguishable by the senses, will amount to 2218. 
But we ought not perhaps to consider as^real colours those 
formed by the pure colours .with black ; for black only ob- 
scures, but does not colour. In this ca^ the real colours 
with their shades, from the darkest to the lightest, ought 
to be reduced to 1092, which with white, a black, and 12 
gray>, will form 1106 colours. 

PROBLEM LYII. 

On the Caicse of the Blue Colour of the Sky. 
This is a very remarkable phenomenon, though little at* 
tention is paid to it, as our eyes are so much accustomed 
to it from our infancy ; and it would be difficult to explain 
it had not .Newtou*s theory respecting light, by teaching 
us^^that it is decomposed into seven colours of difierent de- 
grees of refrangibility and reflexibility, afforded us the 
means of discovering the cause. 

, .To. explain this phenomenon, . we shall observe then, 
that -according to Newton's theory, so well proved by ex- 
perience, of the seven colours which the solar light pro- 
duces when decomposed by the prism, the blue indigo, and 
yiolet, are those easiest rcijec ted, when they meet with a 
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medium of a different density. But whatever may be the 
transparency of the air, that which surrounds our earthy 
and which coiistitutes our atmosphere, contains always a 
mixture of vapours more or less combined with it : heboe 
it happens that the light of the sun and stars, sent back* 
in a hundred different ways into the atmosphere, must eiy 
perience in it numberless inflections and reflections. But 
as the blue, indigo and violet rays are those 'ehiefly'sent 
back to us, at each of these reflections, from the minnle 
particles of the vapours which they are obliged to pasi 
through, it is necessary that the médium which sends thdm 
back should appear to assume a bine tint. This must eves 
be the case if we suppose a perfect homogeneity in tiie 
atmosphere: for however homogeneous a transparent 
medium may be, it necessarily reflects a part of the tmfi 
cf light which pass through it. But of all these rays, Oiê 
blue are reflected with the greatest facility } consequeidy 
the air, even supposing it homogeneous, would assume à 
blue, or perhaps a riolet colour. 

It is for the same reason that the watei^ of thé sea Bp* 
pears of a blue colour when very pure, as is the case at a 
distance from the coasts. When illuminated by the sun a 
part of the rays enters the water, and another part b re- 
flected ; but the latter is composed chiefly of bhie rays» 
and consequently it must appear blue. 

This explanation is confirmed by a curious obeervatioQ 
of Dr. Halley. This celebrated philosopher having ée* 
scended in a diving bell to a considerable depth in the 8e% 
while it was illuminated by the sun, was much surprised 
to see the back of his hand, which received the direct rmji^ 
of a beautiful rose colour, while the lower part, whieh re- 
ceived the reflected rays, was blue. This indeed is^ What 
ought to take place, if we suppose that the i^ys refleeted 
by the surface of the sea, as well as by the minute pai^ of 
the middle of it, are blue rays. In proportion as théKglît 
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penetrates to a greater depth, it must be more and more 
deprived of the blue rays, and consequently the remainder 
muBt inctine to red. 

PROBLEM LVIII. 

Why the Shadows of bodies are sometinies Blue, or Azutm 
^ coloured^ instead of being Black. 

It is often observed at sun^rise, during very serene 
momiiigB, that the shadows of bodies projected on a white 
ground, at a small distance, are blue or azure coloured. 
Tfai» phenomenon appears to us to be sufficiently curious 
to deserve here a place, as well as an explanation. 

If the shadow of a body exposed to the stin were abso* 
lute, it would be perfectly black, since it would be a com- 
plete privation of light ; but this does not really take place: 
for to be so, the field of the heavens ought to be absolutely 
black; whereas it is blue, or azure coloured, and it is so 
only because it sends back to us chiefly blue rays, as already 
observed. 

The shadow therefore projected by bodies exposed to 
the sun, is not a pure shadow, but is itself illuminated by 
that whole part of the sky not occupied by the luminous 
body. This part of the heaven being blue, the shadow is 
softened by the blue or azure coloured rays, and Conse- 
quently must appear of that colour. It is exactly in the 
flame manner that in painting, reflections are tinted with 
tlie colour of the surrounding bodies. The shadow which 
wt here examine, is nothing else than a shadow mixed with' 
the reflection of a blue body, and therefore it must par- 
ticipate in that colour.- 

It is well known that this phenomenon was first observed 
and explained by BufFon. 

But it may here be asked, why are not all shadows blue ? 
Ill reply to Âis question, we shall observe, that to produce 
tins effect,- the concurrence of several circumstances are 
necessary: 1st, a very pure sky, and of a very dark blue 
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colour; for if the heavens be interspersed with light 
clouds^ the rays reflected from them, falling on the.blueiirii 
shadow, will destroy its effect; if the blue be weak, asit 
often the case, the quantity of the blue rays will not be 
sufficient to enlighten the shadow. 2d, The light of the 
sun must be livelier than it usually is when that luminary 
is near the horizon, in order that the shadows may be full 
and strong. But these circumstances are rarely united. 
Besides, the sun must be only at a small elevation, above 
the horizon ; for even when at a moderate altitude there 
is too much splendour in the atmosphere, to allow the blue 
rays to be sensible. This light renders the shadow leas 
strongi but does not tinge it blue. 

PROBLEM LIX. 

Experiment on Colours. 

Hold before your eyes two glasses of different colors, 
the one blue suppose, and the other red ; and having 
placed yourself at a proper distance from a candle, if you 
shut one of your eyes, and look at the light with the pjJier, 
that for example before which the blue glass is held, the 
light will appear blue. If you next shut this eye and open 
the other ,^ the fl^me will appear red ; and if you then ppen 
them both, you will see it of a bright violet colour. 

Every person almost, in our opinion, must have fores^n 
the success of this experiment ; which we have mentioned» 
merely because an oculist of Lyons, M. Janin, thought be 
could deduce from it a particular consequence ; which is, 
that the retina may perform the part of a concave mirror, 
and reflect the rays of light, so that each eye forais at a 
certain distance an aerial image of the object. Both eyes 
forming each an image afterwards in the same place, the; 
result is a double image, one blue and the other red, which 
by their union produce a violet image, in the same mann^ 
as when red and blue rays are mixed together. But this 
explanation will certainly not bear to be examined ac- 
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cording to the true principles of optics. How is it possible 
to conceive that such an image can be formed by the retina? 
Is it not more probable, and more agreeable to the well ^ 
known phenomena of vision, that from the two impressions 
received by the two eyes, there is produced in the coviman 
sensorium, or in the place where the optic nerves are 
united in the brain, oYie compound impression? In this 
experiment therefore the same thing must take place, as 
wheh a person looks at a candle with one eye, through 
two glasses, the one red and the other blue. In this case 
the flame will be seen of a violet colour, and consequently 
it must have the same appearance in the former. 

PROBLEM LX. 

Met/iod of cmutructing a PhotophoruSy very convenient to 
illuminate a table' where a person is reading or writing. 

Construct a cone of tin-plate, 4^ inches in diameter at 
the base, and 7y inches in height, measured on the slant 
side ; which may be easily done by cutting from a circle, 
of 77 inches radius, a sector of 1094- degrees, and bending 
it into the form of a cone. Then through a point in the 
axis, 2f inches distant from the summit, cut ofi^the upper 
part of the cone by a plane inclined to one of its sides at 
an angle of 45^. The result will be an elongated elliptical 
section, -which must be placed before a candle or other 
light, as near to it as possible, thC; plane of the section 
being vertical, and the greatest diameter in a perpendicular 
direction. When 'disposed in this manner, if the flame of 
the candle or lamp be raised 12 09 13 inches above the 
plane of the table, you will be astonished to see the'vivacity 
and uniformity of the light which it will project over an 
extent of 4 or 5 feet in length; 

M. Lambert, the inventor of this apparatus, observes 
that it may be used with great advantage to give light to 
those who read in bed ; for by placing a lamp or taper 
furnished with this photophorus upon a pretty high standi 



2W SITUATION OF A LIGHT. 

at tbe distance of 5, 6, or 8 feet, from the bed, it will 
affi>rd a sufficiency of light without any danger. He says, 
he tried this apparatus also in tbe street, by placiag a 
lamp furnished with it in a window raised 15 feet above 
the pavement» aod that its effect was so great, that at the 
distance of 60 feet, a bit of straw could be distioguisbed 
much better than by moonlight, and that writing could be 
i«ad at tbe distance of 35 or 40 feet. A few of these 
machines, placed on each side of a street, and arranged in 
a diagonal form, would con^quently light it much bettor 
than any of the means hitherto employed. See Mimoifh» 
de V Academic it Berlin, amu 1770. 

PROBLEM LXI. 

The place of an object , such for example as of a piece rf 
paper M a tabu J being gioen; and that rf a candle êesHnei 
to throw l^ht upon it; to determine the heighfai which 
the candle rnt^st be placed, in order that the object may be 
illuminated the most possible. 

That we may exclude from this problem several con- 
siderations, which would render the solution of it very 
difficult, we shall suppose the object destined to be iUn- 
minated to be very small, or that it is only required tiuft 
tbe middle of it shall be illuminated as much as possible. 
We shall suppose also that the light is entirely concent 
trated into one point, where the splendor of all its difibredt 
parts is united. 

But, it b well known that the light diffused by a lumiiH 
ous point, over any surface which it illuminates, decreases, 
the angle being the same, in the inverse ratio of the square 
of the distance ; and that when the angle of inclinadoD 
varies, it is as the sine of that angle. Hence it follows 
that it decreases in the compound ratio of the sqvare of 
the distance taken inversely, and the une of the angle of 
inclination taken directly. To solve this problem then, 
we must find that height of tbe luminous point in the given 
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perpendicular, which will render this ratio the greatest 
possible. 

But it will be found that this ratio is greatest when the 
perpendicular height, and the distance of the object to be 
ifiuodnated from the bottom of the candle, ate tb each 
otl^r as the side of a square is to the diagonaL - On this 
given and invariable distance as h3rpothenu8e^ if a right- 
angled isosceles triangle be therefore described, the side 
of this triangle will be the height at which, if tUe flame of 
die candle be placed, the given point or centre of the 
paper will be illuminated in the highest degree possible. 

On this subject, the following problem, which is of a 
«milar nature, might also be proposed : 
. Two candles of unequal height y placed at the extremities 
^ a horizontal Une^ being given ; to find in that Une a point 
so situated^ that the oljject placed in it shall be iBuminated 
tàe most possible f 

But we shall not give the solution, that our readers may 
exercise their own ingenuity in discovering it. 

PROBLEM LXII. 

On the Proportion which the Light of the Moan bears to 

that of the Sun. 

This is a very curious problem: but it was only within 
these few years that philosophers began to turn their at- 
tention to the principlesi, and means, which cafi lead to 
the solution of it. We are indebted for them to M. 
Bouguer, who has explained them in his Treatise on the 
Gradation of Light; a work that contains many curious 
pairticulars, a few of which we shall here extract. 

To obtain this measure of the intensity of light, M. 
'Bouguer sets out with a fact^ founded on experience, 
which is, that the eye judges pretty exactly by habit, 
Wihetber two similar and equal surfaces are equally iUi»- 
4Biinated. Nothing then is necessary, but to place at un^ 
equal distances two unequal lights, or by means of concave 
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glasses, the focal distances of which are unequal, to make 
them be unequally dilated, so that the surfaces which are 
illuminated by them shall appear to be so in an equal 
degree. The rest depends merely on calculation : for if ^ 
two lights; one of which is four times nearer than the 
other, illuminate equally two similar surfaces, it is evident 
that, as the degrees of the illumination of the same light 
decrease in the inverse ratio of the squares of the distances^ 
we ought' to conclude that the splendour of the first li^ 
is sixteen times as great as that of the second. In like 
manner, if a light dilated into a circular space, double in 
diameter, illuminates as much as another direct lights there, 
is reason to conclude that the former is quadruple the 
second. 

By employing these meansj M. Bouguer found that the 
light of the siin diminished 1 1664 times was equal to that 
of a flambeau, which illuminates a surface at the.distaucb 
of 16 inches; and that the same flambeau illuminating a 
similar surface, at the distance of 50 feet, gave it thé same 
light as that of the moon, when diminished 64 times. By 
compounding these two ratios he concludes, that the light 
of the sun is to that of the moon, at their mean distances 
and at the same altitude, as 256289 to 1 ; that is to say 
more than 250 thousand times greater. From some other 
experiments he is even inclined to think, that the light of 
the moon is only equal to the 300 thousandth part of that 
of the sun. 

The result of a celebrated experiment, made by Coujplet 
and La Hire, two academicians of Paris, need therefore 
excite no surprise. These two philosophers collected the 
lunar rays by means of the burning mirror at the Ob- 
servatory, which is 35 inches in diameter, and made the 
focus fall on the bulb of a thermometer, but no motioYI 
was produced in the liquor. And indeed this ought to ht 
the case, for if we suppose a mirror like the above, which 
collects the rays that fall on its surface into a space 1200 
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or 1400 times less^ the heat thence resulting will be 1200 
6r 1400 times greater ; but, on account of the-dispersioa 
of the rays, it will be sufficient to suppose this light to-be 
adiousand times denser than the direct light, and the hea<; 
in proportion. A mirror of this kind then, by collecting 
the lunar rays, would produce in its focus a heat 1000 
times greater than that of the moon. If 300000 there- 
fore be divided by 1000, we shall have for quotient 300, 
which expresses the ratio of the direct solar heat to that ol^ 
the moon thus condensed. But a heat 300 times less thai| 
the direct heat of the sun is not capable of producing anjc 
cflfect on the liquor in the thermometer. This tact then 
is iar from being inexplfcable, as we are told by the author 
of the History of the Progress of the human Mind in 
Philosophy*, for it is a necessary consequence of Bouguer's 
calculations, which this writer no doubt overlooked. 

We shall, in the last place, observe, that Bouguer found, 
by a mean calculation, that the splendour of the sun, when 
on the horizon, supposing the sky to be free from clouds 
or fog, is about 2000 times less than when elevated 66^ . 
The case ought to be the same also with the light of .^ 
moon. 

PROBLEM LXIII. 

Of certain Optical lUusims. 

I. If you take a seal with a cypher engraved on it, and 
"* view it through a convex glass of an inch or niore focal 
distance, the cypher or engraving will be seen sunk in the 
stone as it really is ; but if you continue to look at it, 
without changing your situation, you will soon see it in 
relief; and by still continuing to look at it, you will see it 
once more sunk, and then again in relief. Sometimes, 
after having discontinued tp look at it, instead of seeing it 
sunk, it will appear in relief; it will then appear sunk, 

* 8i»0lmi Hùtêve ($u Progrit ^ FEipr^ ku$mt iM Us S ^ 
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ftitd e6 on. When the side of the light is changed, ti^ 
generally causes a change in the appearance. 

Some have taken a good deal of pains to discover the 
cause of this illusion; which in our opinion may be ex- 
plained without much difficulty. When an object is 
viewed with a lens of a short focal distance, and conse- 
quently with oue eye, we judge very imperfectly of the 
distance, and the imagination has a great share in that 
astiigned to the image which we perceive. On the other 
band, the position of the shadow can never serve to rectify 
the judgment formed of it : for if the engraving is hollow, 
and if the light conies from the right, the shadow i& on the 
right; it is also on the right if the engraving is in relief, 
and if the light comes from the left. But when an en- 
graved stone is attentively viewed with a magnifying glass, 
we do not pay attention to the liide Irom which the light 
proceeds. Here then every thing, as we may say, is 
ambiguous and uncertain; consequently it is not surpris* 
ing that the organ of sight should form an undecisive and 
continually variable judgment; but we are fully persuaded 
that an experienced eye wilt not fall into these variations. 

The same phenomenon is not observed when the ex- 
periment is performed with a piece of money. The 
reason of this probably is, that we are accustomed to handle 
such pieces, and to see the figures on them in relief, 
which does not permit the mind to form, in consequence 
of the image painted in the eye, any other idea than that 
vhich it always has had on seeing a piece of money, viz, 
that of figures in relief. 

II. If a glass decanter, half filled with water, be presented 
to a concave mirror, and at a proper distance, that is to 
Bay between the centre and the focus, it will be seen io- 
verted before the mirror. But it is very singular, in regard 
to many persons, though it is not general, that they 
» imagine they see the water in the half of the bottle next tbe 
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neck, which is turned downwards. For our part, we are 
of opinion that the cause why some think they see the 
water in this situation^ arises from their knowing by ex« 
perience that if a bottle half filled with water be inverted, 
the fluid will descend into the lower part, or that next the 
neck. 

Another cause concurs to make us judge in this manner. 
When a decanter is half full of very pure water, each half 
is as transparent as the other, and the presence of the 
water is perceived only by the reflection of the light which 
takes place at its surface ; but in the inverted image this 
surface reflects the light below, and even with the same 
force ; by which means we are led to conclude that the 
fluid is at the bottom. 

This subject may be farther exemplified as follows. 

Take a glass bottle ; fill it partly with water, and cork 
it in the usual way: place this bottle opposite a concave 
mirror, and beyond its focus, that it may appear reversed : 
then place yourself still farther distant than the bottle, 
and this will be seen inverted in the air, and the water, 
which is really in the lower part of the bottle, will appear 
to be in the upper. See fig. 52, 53, pi. 17. — If the bottle 
be inverted while it is before the mirror, the image will 
appear in its natural erect position, and the water will 
appear in the Ipwer part of the bottle. While it is in this 
inverted state, uncork the bottle, then while the water is 
running out, the image is filling. But as soon as the bottle 
is empty, the illusion ceases. The illusion also ceases when 
the bottle is quite full. 

The remarkable circumstances in this experiment are, 
1st. Not only to see an object where it is not, but also 
where its image is not. 2d. That of two objects which 
are really in the same place, as the surface of the bottle 
and the water it contains, the one is seen in one place, and 
tlie other in another, &c. — ^It is conceived that this illusion 
arises, partly from our not being accustomed to see water 

t2 
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(i^spended in a bottle with the neck downward, and partljr 
from the resemblance there is between the colour of 
water and the ain 

Additional Amusements and Experiments with Concave Mp^ 
Tors^ Kcj as described In/ Mr. Adams ^ Mr. Jones^ Kcp 

1. Placing yourself before a concave mirror, but farther 
from it than the centre, you will see an inverted image of 
yourself, but smaller, in the air between you and tbe 
mirror : holding out your hand towards the mirror, the 
hand of the image will come out towards your hand, and 
when at the centre of eoncavity , be of an equal size with 
it ; and you may as it were shake hands with this aerifl 
image. On advancing your hand farther, the hand of tbe 
image passes by your hand, and comes between it and 
your body : on moving your hand towards one side, the 
hand of the image moves towards the other, the image 
moving always contrariwise, to the object. All this wUks, 
the by-standers see nothing of the image, because none of 
the reflected rays which form it enter their eyes. To 
render this effect more surprizing, and more vivid, the 
mirror is often concealed in a box, after the manner as we 
shall shew presently. In fact, the appearance of tbe image 
in the air, between the object and the mirror, has heea 
productive of many agreeable deceptions, which, when 
exhibited with art and an air of mystery, have been very 
successful, and the source of emolument to many of our 
public showmen. In this manner they have exhibited tbe 
images of animated and other objects, in such a way, as to 
surprize tbe ignorant, and please tbe scientific, or better 
informed. 

2. Mr. Ferguson mentions two pleasing experiments lo 
be made with a concave mirror, which may be easily tried. 
If a fire be made in a large room, and a smooth, well- 
polished mahogany table be placed at a good distance oesr 
the wall, before a large concave mirror, ao that the light 
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of the fire may be reflected from the mirror to its focus op 
the table ; if you stand by the table, you will see nothin^r 
but a long beam of light ; butif you stand at some distance, 
as towards the fire, you will sec, on^ the table, an imag^ 
XÂ the fire^ large and erect : and if another persoti^ who 
knows nothing of the matter beforehand, should chance 
to enter the rooqa, he will be startled at the appearance^ 
for the table will seem to be on fire, and, being near the 
wainscot, to endanger the whole house* For the better 
deception, there ought to be no light in the room but what 
proceeds from the fire. 

3. If the fire be darkened by a screen, and a large candle 
be placed at the back of the screen ; then a person stand- 
ing by the candle will see the appearance of a fine largç 
star^ or rather planet, on the table, as large as Jupiter or 
Venus,; and if a small wax taper be placed near the candle^ 
it .will appear as a satellite to the planet ; if the taper be 
moved round the candle, the satellite will be seen to go 
roui^d tl^ planet* 

4. The Simple Camera Obscura. 

• 

A camera obscura, very useful to painters, artists, &Cy 
may be easily constructed by means of a single lens only. 
When landscapes or distant objects are to be represented, 
a lens from 4 to 12 feet focus may be used, according tp 
tbe size of the room and the picture. But for representing 
smaller figure^, models, or pictures, a lens fromabout 9 
to 1 2 inches focus, and about 2 inches and a half in diameter, 
will be best. It must be fixed in a ball and socket, or, 
simply in the window^shutter of the darkened room. Se^ 
fig. 54, pi. 17. A small temporary wooden frame or stage, 
B, may be attached to the shutter, on which must be 
steadily fixed the figure or picture o, inverted. To suit 
lenses of different foci, the stage may be conveniently 
from 12 to 24 inches in length. 

A white paper screen, b, being brought by trial to a 
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suitable distance within the darkened room, will receive a 
beautiful representation of the external objects, and from 
which the artist may readily copy, or trace the various 
parts of them. 

By means of a plane reflecting glass mirror, placed 
obliquely, the images may be reflected down on a wUte 
painted table, or one èovered with white paper, within 
the room : but in this case they will not appear bright or 
distinct, owing to the light being somewhat diminished by 
this reflection. 

5. The Dioptrical Paradox, or Optical Deception. 

Plate 17, fig. S5f represents the dioptrical paradox* It 
consists of a mahogany base abcb, about 8 inches squarei 
with a groove, in which slides various coloured priatSi or 
ornamental drawings: and connected M'ith the base are, a 
pillar E, a horizontal bar f, with a perspective g, which is 
placed exactly over the centre of the base, and containing 
a glass of a particular form. The curious and surprj^og 
eflect of this instrument is, that an ace of diamonds, in the 
centre of one of the drawings, when placed on the base, 
shall through the perspective g be actually represented as 
the ace of clubs ; a figure of a cat in another, seen as an 
owl ; a letter a, as an o ; and a variety of others equally 
astonishing. 

The principle of this machine is very simple, and is as 
follows. The glass in the tube g, which produces this 
change, is somewhat on the principle of the common 
multiplying glass, and is represented at fig. 56» The only 
difierence is, that its sides are flat, and diverging from its 
hexagonal base upwards, to a point in the axis of the glass, 
like a pyramid, each side forming an isosceles triangle. Its 
distance from the eye is to be so adjusted, that each angular 
side, by its refractive power on the rays of light comii^ 
from the border of the print, and such a portion designedly 
there placed, will refract to the eye the various parts ai 
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oneebtire figure to be represented ; the shape of the glass 
preventing any appearance of the original figure in the 
.CQutre, such as the ace of diamonds, being seen : so that 
the ace of clubs being previously and aiechanically drawn 
on the circle of refraction, at six di£Ferent parts of the 
^border, 1, 2, S, 4, 5, 6, fig. 57, and artfully disguised 
there by blending them with it ; llien the glass in the tube 
o will change, in appearance, the aee of diamonds into 
jtbe ace of dubs. And in like manner for the other prints. 

6. The Optical Paradox. 

Plate 17, fig. OS, is a representation of the double per- 
spective, or optical paradox. One of the perspectives of 
the instrument being placed before the eye, an object will 
t>e seen directly through both. A board a, or any opake 
object, being interposed, will not make the least obstruction 
to the rays ; and the observer will be surprized that he 
sees through a perspective having the property of penetrat- 
ing as it were either solid metal or wood. 

The artifice in this instrument consists chiefly in four 
small plane mirrors, a, b, c, d, of which a and d are placed . 
at an angle of 45 degrees in the two perspectives, and b 
and c parallel to them in the trunk below; this being so 
formed as to appear only as a solid handle to the two per- 
spectives. It is hence obvious that, on the principle of 
catoptrics, the object t, falling on the first mirror tf, will 
be reflected down to c, thence to 6, then up to a, and so 
out to the eye, giving the appearance of the straight lineal 
direction ad. 

7. The Endless Gattery. 

* 

Fig. 59, pi. 17, represents a box, about 18 inches in 
kngth, 12 in width, and 9 deepj or any others that are 
nearly in the same proportions. Against each of its oppo- 
site ends A and b within place a plane true-ground glass 
oirror, as freefirom veins as possible, of the dimensions nearly 
equal to the faces^ only allowing a small space for a tran^ 
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parent paper, or other cover, at top. From the middle of 
the mirror c, placed'' at b, take off neatly a round surface 
of the st]vering| about an inch and half in diameter, 
against which, in the end of the box, must be cut a hole of 
the same size, or less. The top of the box should be of 
glass, covered with gauze, or of oiled transparent paper, 
to admit as much light as possible into the box. On the 
two longer sides within must be cut or placed two grooved, 
at' E .and f, to receive various drawings or paintingtf. 
Indeed many grooves may be cut in the sides, for the re- 
ception of a variety of objects. Two paintings or good . 
drawings, of ahy perspective subject, must be made on 
the two opposite faces of a pasteboard, as at fig. 60, 61, 
such as a forest, gardens, colonnades, &c : after having 
cut the blank parts neatly out, place them in the two 
grooves, e, f, of the box. Take also two other boards, of 
die same dimensions, painted on one side only with similar 
subjects, to be placed at the opposite ends c and d ; ob- 
serving that the one which is to be placed against c should 
have nothing drawn there to prevent the sight, and that 
the other, for the opposite end n, should also not be very 
full of figures, that after being neatly cut out, and placed 
against the glass, it may cover but a small part of it. The 
top being then closed over with its transparent cover, the 
instrument is ready for use. 

The efiect is very striking and entertaining. The eye, 
being applied to the hole c, will see the various objects 
drawn on the scenes reflected in a successive and endless 
manner, by being reflected alternately from each mirror to 
that which is opposite. As for instance, if they be trees, 
they will appear an entire grove, very long, seemingly 
without end ; each mirror repeating the objects 4noie 
faintly, as the reflections are more numerous, and so con* 
tributing still more to the illusion. 

Ingenuity will suggest à vatiety of amusing figures, of 
meny women, &d, to increase the effect. And two mirntfl 



SSAl. APPABITIOX. 281 

majr ako be placed, on the longer sides, to convey an ided 
of great breadth, as well as length. 

8. The Ileal Apparition* 

Bebiod a partition ab, (fig. 62, pi. 18), place somewhat 
Làclined a concave mirror ef, which must be at least 10 
inches in diameter, and its distance eqaal to three- fourths 
ftom its centre. In the partition is cut a square or circular 
4Qf»ening, of 7 or 8 inches in diameter, directly opposite 
to the mirror. Behind this a strong light is so disposed 
as to illuminate strongly an object placed at o, without 
rinning on the mirror, and without being seen at the open- 
ing. Beneath the aperture, and behind the screen, is 
f^ced any object at c, which is intended* to be represented, 
but in an inverted position, which may be either a flowet^y 
or figure, or picture, 8lc. Before the partition^ and below 
the aperture, place a flowerpot d, or other pedestal suit» 
able to the object c, so as the top may be even with the 
bottom of the aperture, and that the eye placed at o may 
see the flower in the same position as if its stalk came out 
of the pot. The space between the mirror and the back 
part, of the partition being painted black j-^to prevent any 
oxtraneous light being reflected on the mirror; and indeed 
the whole disposed so as to be as little enlightened as 
possible.-*-Then a person placed at o will perceive thé 
flower, or other object, placed behind the partition, as if 
standing in the flowerpot, or pedestal : but oh putting forth 
his hand to pluck it, he will find that he grasps only at a 
phantom. 

: Fig. 68, pL 18, represents a difierent position of the 
ndnror and partition, and better adapted for exhibitin|^ 
efiect by various object!;», abc is a thin partition of a 
téokûj down to the floor, with an aperture for a good 
convex lens turned outwards into the room, nearly in i 
liorizontal direction, proper for viewing by the eye of a 
yorson standing upnght from the floor or footstool, d is 
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a large concave mirror, supported at a proper angle, td 
reflect upwards through the glass in the partition b, images 
of objects at £, presented towards the mirror below. ' A 
strong light from a lamp &c, being directed on the object 
B, and no where else ) then to the eye of a spectatiNr at r^ 
in a darkened room, it is truly surprizing and admirable 
to what effect the images are reflected up into the air at o« 

It is from this arrangement that a showman, both in 
London and the country, excited the people to the sur- 
prize of wonderful apparitions of various kinds of objects, 
such as a relative's features for his own, painting^ of 
portraits, plaster figures, flowers, fruit, a sword, dagger, 
death's head, &c. 

The phenomena to be produced by concave mirron are 
endless ; what have been just described will be a suffideot 
specimen of what might be exhibited to elucidate the 
principles of that curious machine. 

PROBLEM LXIV. 

Is Ù true that Light is reflected with more Viaacity from 

Air, than/ram Water f 

This assertion is certainly true, provided it be under- 
stood in a proper sense, that is as follows : when light 
tends to pass from air into water, under a certain obliqui^, 
such as 30° for example, the latter reflects fewer rays, 
than when the light tends, under the same inclination, to 
pass from water into air. But what is very singular, if the 
air were entirely removed, so as to leave a perfect vacuum 
in its stead, the light, so far from passing with more facili^ 
through this vacuum, which could oppose no resistance, 
would experience more difficulty, and more rays would be 
reflected in the passage. 

We do not know why this has been given in the PiUb- 
sophical Transactions as a paradoxical novelty; for this 
kind of phenomenon is a necessary consequence of the 
law of refraction. When light indeed passes from a rare 
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medhim into a denser, as from air into water, the passage 
is always possible ; because the sine of the angle of re- 
fraction is less than that of the angle of incidence, that is 
to sajf these sines, in the present case, are in the ratio «f 
.3 to é. But, on the other hand, when light tends to pass 
obliquely from water into air^ the passage under a certain 
d^ree of obliquity is impossible, because the sine of the 
angle of refraction is always much greater than that of 
the angle of incidence, their sines, in this case, being in 
the ratio of 4 to 3. There is therefore a certain obliquity 
of such a nature, that the sine of the angle of refraction 
would be much greater than the radius; and this will 
always happen when the sine of the angle of incidence is 
.greater, however small the excess, than ^ of the radius, 
which corresponds to an angle of 48*^ 36'. But a sine can 
never exceed radius, consequently it is impossible, in this 
case, that the ray of light should penetrate the new medium. 
Thus while light passes from a rare medium into a denser, 
from air into water for example, under every degree of 
inclination, there are some rays, viz, all those which form 
with the refracting substance an angle less than 41^ 2A\ 
that will not admit of the passage of light from water into 
air : it is then under the necessity of being reflected, and 
refraction is changed into reflection. But though light 
may pass from water into air, under greater angles of in- 
clination, this tendency to be reflected, or this difficulty 
of proceeding from one medium into another, is con- 
tinued at all these angles, in such a manner, that fewer 
rays are reflected when they tend to pass from air into 
water under an angle of 60^, than when they tend to pass 
from water into air under the same angle* In the last 
plaee, when light tends in a perpendicular direction from 
water into air, it is more reflected than when it. tends to 
pass in the same direction from air into water. 

This truth may be proved by a very simple experiment. 
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Fill a bottle nearly two thirds with quicksilver, and ftll np 
the other third with water ; by which means you will have 
two parallel surfaces, one of water, and the other of quick- 
silver. If you then place a luminous object at a mean 
height between these two surfaces, and the eye on the 
opposite side at the same height as the object, you will 
see the object through the bottle, and reflected almoit 
with equal vivacity from the surface of the quicksilver, 
and from that which separates the water and the air. The 
air then, in this case, reflects the light with almost as much 
vivacity as the quicksilver. 

Rem AKKS.— 1st. We have reason therefore to eonclode, 
that the surface of the water, to beings immersed in tibtst 
fljuid, is a much stronger reflecting mirror, than it k to 
those beings which are in the air. Fishes see themselves 
much more distinctly, and clearly, when they swim netr 
the surface of the water, than we see ourselves in the same 
surface. 

' £d. Nothing is better calculated than this phenomeiHMi 
to prove the truth of the reasons assigned by Newton for 
reflection and refraction. Light passing from a dense 
fluid into a rarer, is, according to Newton, exactly in the 
same case as a stone thrown obliquely into the air ; if we 
suppose that the power of gravitation does not act beyond 
a determinate distance, such for example as 24 feet ; for 
it may be demonstrated that, in this case, the deviation of 
the stone would be exactly the same, and subject to the 
same law, as that followed by light in refraction. There 
would also be certain inclinations under which the stone 
could not pass from this atmosphere of gravity, though 
there were nothing beyond it capable of resisting it, and 
even though there were a perfect vacuum. 

In this case however we must not say as a certain cele- 
brated man, when explaining the Newtonian philosophy, 
that a vacuum reflects light : this is only a mode of speak- 
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ing. To express our ideas correctly, we ought to say that 
Ught is sent back with greater force to the dense medium^ 
as the medium beyond it is rarer. 

We are far from being satisfied with what is said on this 
subject in the Dictionnaire d'Industrie^ into which one 
may be surprized to see optical phenomena introduced ; 
for it is there asserted, that this phenomenon depends on 
the impenetrability of matter, and the high polish of the 
reflecting surface. But when light is strongly reflected, 
durin^its passage from water into a vacuum, or a space 
almost free from air, where is the impenetrability of the 
reflecting substance, since such a space has less impene- 
trability than air or water ? In regard to the polish of the 
reflecting surface, it is the same^ both for the ray which 
passes from air into water, and that which passes from 
water into air. 

PROBLEM LXV. 

Account of a Phenomenon^ either not observed^ or hitherto 

neglected by Philosophers. 

If you hold your finger in a perpendicular direction 
▼ery near your eye^ that is to say^ at the distance of a (éw 
inches at most, and look at a candle in such a manner^ 
that the edge of your finger shal) appear to be very near 
the flame, you will see the border of the flaine coloured 
red. If you then move the edge of your finger b^ore 
the flame, so as to sufler only the other border of it to be 
seen, this border will appear tinged with blue, while the 
edge of your finger will be coloured red. 

If the same experiment be tried with an opake body 
surrounded by^a luminous medium, such for example as 
the upright bar of a sash window, the colours will appear 
in a contrary order. When a thread of light only remains 
between your finger and the bar, the edge of the fmger 
will be tinged red, and the edge next the bar will bei 
bordered with blue ; but when you bring the e()ge of your 
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finger near the second edge «f the bar^ so that it shall be 
entirely concealed^ this second edge will be tinged red^ 
and the edge of the finger would doubtless appear to be 
coloured blue, were it possible that this dark colour could 
be seen on an obscure and brown ground. 

This phenomenon depends no doubt on the different 
refrangibility of light ; but a proper explanation of it has 
never yet been given. 

PROBLEM LXVI. 

Of same other Curious Phenomena in regard to Colours gnd 

Vision. 

I. When the window is strongly illuminated by the light 
of the day, look at it steadily and with attention for some 
minutes, or until your eyes become a little fatigued ; if 
you then shut your eyes, you will see in your eye a repre» 
sentation of the squares which you looked at; but the 
place of the bars will be luminous and white, while that of 
the panes will be black and obscure. If you then placé 
your hand before your eyes, in such a manner as absolutely 
to intercept the remainder of the light which the eyelids 
suffer to pass, the phenomenon will be changed ; for the 
squares will then appear luminous, and the bars black : if 
you remove your hand, the panes will be black again, and 
the place of the bars luminous. 

II. If you look steadily and with attention for some 
time at a luminous body, such as the sun, when you direct 
your sight to other objects in a place very much illu- 
minated, you will observe there a black spot : a little less 
light will make the spot appear blue, and a degree still 
less will make it become purple : in a place absolutely 
dark, this spot, which you have at the bottom of your eye, 
will become luminous. 

III. If you look for a long time, and till you are some- 
what fatigued, at a printed book through green glasses; 
on removing the glasses, the paper of the book will appear 
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reddish: but if you look at a book in the same manner^ 
through red glasses ; when you lay aside the glasses, the 
paper of the book will appear greenish. 

IV. If you look with attention at a bright red spot on 
a white ground, as a red wafer on a piece of white pi^per^ 
you will see, after some time, a blue border around the 
wafer ; if you then turn your eye from the wafer to the 
white paper, you will see a round spot of ddicate green, 
inclining to blue, which will continue longer according to 
the time you have looked at the red object, and according 
as its splendour and brightness have been greater. On 
directing your eyes to other objects, this impression will 
gradually become weaker, and at length disappear. 

If, instead of a red wafer, you look at a yellow one i on 
turning your eye to the white ground you Mrill observe a 
bhie spot.—-Â green wafer on a white ground, viewed in 
die same manner, will produce in the eye a spot of a pale 
purple colour: a blue wafer will produce a spot of a pale 
red. 

In the last place, if a black wafer on a white ground be 
viewed in the same manner, after looking at it for some 
time with attention, you will observe a white border form 
itself around the wafer ; and if you then turn your eye to 
the white ground,you will observe a spot of a brighter white 
thair the ground, and well defined. When you look at a 
white spot on a black ground, the case will be reversed. 

In these experiments, red is opposed to green, and pro- 
duces it, as green produces red ; blue and yellow are also 
opposed, and produce each other; and the case is the 
same with black and white, which evidently indicates a 
constant effect depending on the organization of the eye. 

This is what is called the Accidental colours, an object 
6rst considered . by Dr. Jurin, which Buffon afterwards 
extended, and respecting which he transmitted a memdir 
in 1743 to the Royal Academy of Sciences. This cele- 
brated man gave no explanation of these phenomena, and 
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only observed that, tbough certain in regard to the cor« 
rectness of his experiments, the consequences did not ap- 
pear to be so well established as to admit of his forming 
an opinion on the production of these colours. There is 
reason however to believe that he would have explained 
the cause, had he not been prevented by other occupations. 
But this deficiency has been supplied by Dr. Godard erf 
Montpellier; for the explanation which he has given of 
these phenomena, and several others of the same kind, in 
the Journal de Physique for May and July 1776^ seems to 
be perfectly satisfactory. 

PBOBLEM LXVII. 

To determine howUmg the Sensation of Light remains in tie 

Bjfe. 

The following phenomenon, which depends on this dura- 
tion, is well known. If a fiery stick be moved round in a 
circular manner, with a motion su£Bciently rapid, yon will 
perceive a circle of fire. It is evident that this appear* 
ance arises merely from the vibration impressed on the 
fibres of the retina not being obliterated, when the image 
of the fiery end of the stick again passes over the same 
fibres ; and therefore, though it is probable that there is 
only one point of light on the retina, j^ou every moment 
receive the same sensation as if the luminous point left a 
continued trace. 

But it has been found by calculating the velocity of a 
luminous body put in motion, that when4t makes its revo- 
lution in more than 8 thirds, the string of fire is interrupt- 
ed ; and hence there is reason to conclude, that the im* 
pression made on the fibre continues during that interval 
of time. But it may be asked, whether this time is the 
same for every kind of light, whatever be its intensity) 
We do not think it is ; for a brighter light must excite a 
livelier and more durable impression. 
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SUPPLEMENT, 

Containing a short Account of the Most Curious Micro^ 

scopical Observations. 

PHILOSOPHERS were no sooner in possession of the 
microscope, than they began to employ this wonderful in- 
strument in examining the structure of bodies, which, in 
consequence of their minuteness, had before eluded their 
observation. There is scarcely an object in nature to 
which the microscope has not been applied ; and several 
have exhibited such a spectacle as no one could have ever 
imagined. What indeed could be more unexpected than 
the animals or moleculae (for philosophers are not yet 
agreed in regard to their animality) which are seen swim- 
ming in vinegar, in the infusions of plants, and in the semen 
of animals ? What can be more curious than the mechanism 
in the organs of the greater part of insects, and particu- 
larly those which in general escape our notice ; such as thé 
ejFesy trunks, feelers, terebrse or augres, &c ? What more 
worthy of admiration than the composition of the blood, 
the elements of which we are enabled to perceive by means 
of the microscope; the texture of the epidermis, the 
structure of the lichen, that of mouldiness, &c i We shall 
here take a view of the principal of these phenomena, and 
give a short account of the most curious observations of 
tins kind. 

§1. 

Of thfi Jnimals, or Pretended Jnimals^ in Vinegar ^ and 

the infusions of plants. 

1st. Leave vinegar exposed for some days to the air, 
and then place a drop of it on the transparent object-plate 
of the microscope, whethjer single or compound rif the 
object-plate be illuminated from below^ you will observe 
in this drop of liquor, animals resembling small eels, which 
are iu continual motion. . On account of the circumvolu^ 

VOL. II. u 
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tions which they make with their long, slender bodies^ they 
may be justly compared to small serpents. 

But it would be wrong, as many simple people bare 
done, to ascribe the acidity of vinegar to the action of these 
animalcules, whether real or supposed, on die tongue and 
the organs of taste ; for vinegar deprived of them is equally 
acid, iif not more so. These eels indeed, or serpents, are 
never seen but in vinegar which, having been for soim 
time exposed to the air, is b^inning to pass from acidity 
to putrefaction. 

2d. If you infuse pepper, slightly bruised, in pure wat^ 
for some days, and then expose a drop of it to the micro» 
scope, you will behold small animals of another kind, al- 
most without number. They are of a moderately obloQgi . 
elliptical form, and are seen in continual motion^ S9^ 
backwards and forwards in all directions; turmng aside 
when they meet each other, or when their pasi^age is step- 
ped by any immoveable mass. Some of them are observe^ 
sometimes to lengthen themselves, in order to pass tbroof^ 
a narrow space. Certain authors of a lively imaginatioSi 
it would appear, even pretend to have seen them cofNik 
late, and bring forth ; but this assertion we are not bouid 
to believe. 

If other vegetable bodies be infused in water, yoa will 
see animalcules of a different shape. In certain infusiom 
they are of an oval form, with a small bill, and a long tail: 
in others they have a lengthened shape like lizards: ia 
some they exhibit the appearance of certain caterpillars, or 
worms, armed with long bristles; and some devour, or oeefli 
to devour their companiofis. 

When the drop in which they swim about, and winch 
to them is like a capacious bason, becomes diminisbcd ky 
tbe effect of evaporation, they gradually retire towards tbe 
middle, where they accumulate themselves, and at length 
perish when entirely deprived of moisture. Tbey then 
appear to be in great distress ; writhe thdir bodies, and 
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endeavour to escape from deaths or that state of uneasiness 
%vhich they experience. In general, they a have strong 
aversion to saline or acid liquors. If a small quantity of 
vitriolic acid be.put into a drop of infusion which swarms 
with these insects, they immediately throw themselves on 
ikeir backs and expire ; sometimes losing their skin, which 
bursts, and suffers to escape a quantity of small globules 
that may be often seen through their transparent skin. 
The case is the same if a little urine be thrown into the 
infusion. 

Â question here naturally arises : ought these move2d>Ie 
Qioleculae to be considered as animals? On this subject 
opinions are divided. Buflbn thinks they are not animals; 
and consigns them, as well as spermatic animals, to the 
class of certain bodies which he calls organic niolecula. 
But what is meant by the expression organic moleculse ? 
As this question would require too long discussion, we 
9itt8t refer the reader to the Natural History of that learned 
Md celebrated writer. 

* Needham also contests the animality of these small 
bodies, that is to say perfect animality, which consists in 
finding, increasing in size, multiplyii^, and being endowed 
yffith spontaneous motion ; but he allows them a sort of ob- 
scure vitality, and from all his observations he deduces 
consequences on which he has founded a very stngular 
system. He is of opinion that vegetable matter tends to 
animalise itself. As the eels produced in flour paste act 
a conspicuous part in the system of this naturalist, a cele« 
brated writer has omitted no opportunity of ridiculing his 
ideas, by calling these animals the eels of the Jesuit Need* 
ham, and representing him as a partisan of spontaneous 
generation, which has been justly exploded by all the 
modern philosophers. But ridicule is not reasoning : we 
are so little acquainted with the boundaries between the 
vegetable and animal kingdoms, that it would be presum** 
ing too much to fix them. But it must be allowed duU 

ij2 
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Néëdhatn^s ideas t)n this sbbject afe so obscure, that in out" 
opinion Few have been able to comprehend theiti* 

Other naturalists ahd observers assert the animality of 
these small beings: for they ask, by what can an animal 
be better characterized than spontaneity of diotioD i But 
these knolecuIfiB, when they meet each other in the coune 
of their movements, retire backwards, not by the e£fectof 
a shock as two elastic bodies would do, but the part which 
is generally foremost tui'ns aside on the approach of the 
body that meets it : and sometimes both move a little froiti 
their direction, in order to avoid running against each 
Cther^ They have never yet indeed been seen for certutt' 
to copulate j to produce eggs, or even to feed ; btit the hwt' 
iMntioned function they may perform without any 9f* 
pklreht act like the greater part of the other animalciileii 
The stnallhess and strange form of these molecule cilki afi* 
fbrd no argument against their animality* That of the 
Vrateir polypes is at present no longetr doubted^ thoDgk 
their form is very extraordinary, and perhaps more » 
than that of the moving molecules of infusions^ Why 
then should ahimaiit}' be refused to the latter t 

It might however be replied, in opposition to this siip^ 
posed similarity, that the polype is seen to increase in siae, 
to regenerate itself, in a way indeed very different (torn 
that of the generality of animals, and in particular to feed* 
The pretended microscopic animals do nothing of the kind^ 
and consequently ought not to be ranked in the same ciasi* 
But it must be allowed that this subject is still involved in 
very great obscurity; and therefore prudence requires 
that we should suspend our opinion respecting it. 

§11. 

Of Spermatic Animab» 

Of the microscopic discoveries of the last century^ none 
has made a greater noise than that of the moving molecnte 
observed in the semei^ of animals, and which are called 
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Spermatic animalcules^ This singular discoveTj was^rst 
made and announced by the çelebrs^ted L^wenhoelç, who 
observed in the hqman semen ^ multitude of sipall b^i^^s 
most of them with very long slender tailsj ai)d ïr\ oontinua) 
motion^ In size th^y were much less than the «n^Uesf 
grain of sand, and even so minute in some sepaina] liqugrg 
Ithat a hundred thousand, and ev§n a million of tbem were 
not equal to a poppy seed. By another calculation Lewen<r 
)ioek has shown, that in the milt pf a cod-fish, the^-e fir^ 
IQçre anioiaU of this species, than human beipgs oq tbç 
^bole surface of the e^rtb« 

Lewenhoek examined also the prolific liquor of a great 
foaqy animals, ^otb quadrupeds Jind birds, aqd tb^t çren 
f»f WÇW insectst In all th^se he observed nearly thf^ sam4 
])I)eDopoenou ; ^nd these researçbe^ siuçe repeated by many 

jpther observers, h^^ve givep rise to ^ system in regard to 

generation, which it is unnecessary here to explain* 
No Que however has made more careful, or more corb 

7ect observations on this subject, than Buffon ; apd fpf 
this re^^on we shall give a short view of them« . 

This celebrated naturalist, having procured a consider*» 
fihle quantity of semen, extracted from the seminal vessels 
of a man who bad perished by a violent death, observed 
^n it, when viewed through an excellent microscope, longr 
ish laments, which had a kind of vibratory motion, and 
which appeared to contain jjn tbe inside small bpdies. The 
semen having assumed a little more fluidity, he saw tbe«9 
j^l^ments swell up in some points, p^^od oblong elliptical 
bodies issue from them \ a ps^rt of which remained at ftrst 
ftttached to the filaments by a >very slender long tftil« 
Some time after, when the semen h^ acquired 9,. stiU 
greater degree of fluidity, the filaments disappef^redj m4 
nothing remained in the liquor but these oval bodies with 
t^s^ by the extremity of which they seemed i^tti^^hed !« 
tibe .fluid, »nd on wUcb they balanced theq(is<plrçs like n 
pencfulum, having; hoyç^ver a progressive .motioni thoygh 
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ilow, and as it were embarrassed by tlie adhesion of their 
tails to the fluid ; they exhibited also a sort of heaving mo- 
tion, which seems to prove that they had not a flat base, 
but that their transverse section was nearly round. In 
about twelve or fifteen hours after, the liquor having ac 
quired a still greater degree of fiuiditj', the small moving 
moieculœ bad lost their tails, and appeared as elliptic 
bodies, moving itith great vivacity. In short, as the mat- 
ter became attenuated in a greater degree, they divided 
themselves more and more so as at length to disappear, or 
they were precipitated to the bottom of the liquor, and 
Kerned to lose their vitality. 

Buffon, while viewing these moving roolecul», once 

happened to see them file off like a regiment, seven by 

■even, or eight by eight, proceeding always in very clos* 

bodies towards the same aide. Having endeavoured to 

discover the cause of this appearance, he found that thejr 

all proceeded from a mass of filaments accumulated in one 

corner of the spermatic drop, and which resolved itself 

successively in this manner into small enlongated globules, 

all without tails. This circumstance reminds us of the 

«ngular idea of a naturalist, who observing a similar phe- 

j nomenon in the semen of a ram, thought he could there see 

L tiie Reason of the peculiar propensity which sheep have to 

I fellow each other, when they march together in a flock. 

I. Butfon examined, in like manner, the spermatic liqnor 

bf various other animals, such as the hull, the ram, &e, 

jiMid always discovered the same moleculœ, which at first 

B.faad tails, and then gradually lost them as the liquoras- 

T «med more fluidity. Sometimes they seemed to have no 

èails, even on their first appearance and formation. In 

[;ihis respect, Bnffon's observations differ from those of 

f.tewenhoek, who alwa3's describes these animalcules ai 

^ having tails, with which he says they seem to assist them- 

[i Klves in their movements ; and he adds, that they are seen 

S^twirt themselret in diil^rent directions. BkifFon'a db* 
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nervations differ also from those of the Datch naturalist in 
another respect, as the latter says that he never could dis- 
cover any trace of these animalcules in the semen or liquor 
extracted from the ovaria of females ; whereas BufFon saw 
the same moving moleculsB in that liquor, but not so often, 
«nd only under certain circumstances. 

It appears from what has been said, that many researches 
itill remain to be made in regard to the nature of these 
moving moleculae; since two observers so celebrated do 
not agree in all the circumstances of the same fact. 

Nothing of this kind is observed in the other animal 
fluids, such as the blood, lymph, milk, saliva, urine, gall, 
and chyle ; which seems to indicate that these animalcules, 
or living moleculse, act a part in generation. 

' Of the Animals or Moving MoUcula in Spout Com. 

This is another microscopic observation, which may 
justly be considered as one of the most singular ; for if we 
deduce from it all those consequences which some authors 
do, it exhibits an instance of a resurrection, repeated, as 
we may say, at pleasure. 

The disease of corn which produces this phenomenon is 
neither smut nor blight, as some authors for want of a suf» 
ficient knowledge in regard to the specific differences of 
the maladies of grain, Imve asserted, but what ought pro« 
perly to be caffed abortion or rachitiSp If a grain of corn, 
'in this state, be opened with caution, it will be found filled 
with a white substance, which readily divides itself into a 
multitude of small, white elongated bodies^ like small eels^ 
swelled up in the middle. While these moleculse, for we 
must be allowed as yet to remain neuter in regard to their 
pretended animality, are in this state of dryness, they ex-^ 
hibijt no signs of life ; but if moistened with very pure 
water, they immediately put themselves in motion, and 
show every mark of animsility. If the fluid drop, in which 
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they are placed, be suffered to dry, tbey lose therr mo- 
tion ; but it may be restored to them at pleasure, even 
some months after their apparent death, by immersing 
them in water. Fontana, an Italian naturalist, does not 
hesitate to consider this phenomenon as a real resurrec- 
tion. If this circumstance should, be verified by repeated 
observations, and that also of the Peruvian serpent, which 
may be restored to life by plunging it in thie mud, its 
natural element, several months after it has been suffsred 
to dry at the end of a rope, our ideas respecting animaU^ 
may be strangely changed. But we must confess that we 
give very little credit to the latter fact ; though Bougucar, 
who relates it on the authority of Father Gumilla a Jesuit 
and a French Surgeon, does not entirely disbelieve it; 
Some other observers, such as Rof&edi, pretend to have 
distinguished, in these eel-fornied moleculse, the aperture 
of the mouth ; that of the female parts of sex, &c« Tbey 
assert also that they have perceived the motion of the 
young ones contained in the belly of the mother eel» and 
that having opened the body, Ûie young were seen to 
disperse themselves all over the object-plate of the micro- 
scope. These observations deserve to be further eza- 
mined, as a confirmation of them would throw great light 
on animality. 

§IV. 

On the Movements of the Tremetta. 

The tremella is that gelatinous, green plant, which 
forms itself in stagnant water, and which is blown to 
naturalists by the name of, conferva gelatinosa omnium 
tenerrima et minima^ aquarum limo innascens. It consists 
of a number of filaments interwoven through each other, 
which when considered singly are composed of small 
parts, about a line in length, united by articulations. 

This natural production, when viewed with the naked 
eye, exhibits nothing remarkable or uncommon ; but by 
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means of microscopic observations^ two very extraordinary 
properties have been discovered in it. One is, the spon- 
taneous motion with which these filaments are endowed. 
If a single one sufficiently moistened^ be placed on the ob- 
ject-plate of the microscope^ its extremities are seen to rise 
and fall alternately, and to move sometimes to the right 
and sometimes to the left : at the same time, it twists itself 
in various directions, and without receiving any external 
UDpression. Sometimes, instead of appearing extended 
like a straight line, it forms itself into an oval or irregular 
curve. If two of them are placed side by side, they be- 
come twisted and twined together, and by a sort of im« 
perceptible motion, the one from one side, and the other 
from the other. This motion has been estimated by 
Adanson to be about the 400tb part of a line, per minutée 
, The other property of this plant is, that it dies and re- 
vives, as we may say, several times ; for if several fila- 
ments, or a mass of tremella, be dried, it entirely loses the 
fiu^ulty above mentioned. It will remain several months 
in that state of death or sleep ; but when immersed in the 
necessary moisture, it revives, recovers its power of mo- 
tion, and multiplies as usual. 

, The abbé Foutana, a celebrated observer of Parma, does 
not hesitate, in consequence of these facts, to class the 
tremella among the number of the Zoophytes ; and to 
consider it as the link which connects the vegetable with 
the animal kingdom, or the animal with the vegetable ; in 
a word as an animal or a vegetable endowed with the 
singular property of being able to die and to revive al- 
ternately. But is this a real death, or only a kind of sleep, 
a suspension of all the faculties in which the life of the 
plant consists ? To answer this question it would be neces- 
sary to know exactly what is the nature of death ; a great 
deal might be said on this subject, were not such disquisi- 
tions foreign to the present^ work. 



Of ike CirculaÉUn of the Bkod. 

Ttiose who are desirous to obserre the eircnltittoii of die 
blood by means of the mieroscope, amy easily obtain that 
satisfaction. The objects employed chiefly for this pm^ 
pose^ are the delicate, transparent member which unites 
the toes of the frog, and the tail of the tadpole. H this 
membrane be extended, and fixed on a piece of glass ib 
luminated below, you will observe with great satisfectiott 
the motion of the blood in the vessels with which it is in« 
terspersed : yon will imagine that you see an archipebgo 
of islands with a rapid carrent flowing between them. 

Take a tadpole, and having wrapped trp its body in r 
piece (rf thin, moist cloth, place its tail on the object* plate 
of the microscope, and enlighten it below : you wit! then 
see very distinctly the circnlation of the blood ; which in 
certain vessels proceeds by a kind of undnlations, and m 
others with a uniform motion. The former are the 
arteries, in which the blood moves in consequence of the. 
alternate pulsation of the heart ; the latter are the reins. ' 
The circulation of the blood may be seen abo ïti 
the legs and tails of shrimps, by putting these fish into 
water with a little salt ; but their blood is not red. The 
wings of the locust are also proper for this purpose : in 
these the observer will see, not without satisfaction, the 
green globules of their blood carried away by the serosity 
in which they float. The transparent legs of small spiders, 
and those of small bugs, will also afford the means of ob- 
sei^ving the circulation of their blood. The latter exhibit 
an extraordinary vibration of the vessels, which Mr. Baker 
says he never saw any where else. 

But the most curious of all the spectacles of this kind^ 
is that exhibited by the mesentery of a living frog, applied 
in particular to the solar microscope, which Mr. Baker 
tells us he did in company with Dr. Alexander Stuard, 



physidan to tihe qtieen. If U impossible to express, sayli 
he, the wonderful scene which presented itself to our eyeft 
We saw at thé same mopient the blood, which flowed in a 
prodigious number of vessels, moving in some to one side*, 
and in others to the opposite side. Several of these ves» 
sek were magiiified to the size of an inch diameter ; and 
the globules of blood seemed almost as large as grains of 
Ipepper, while in some of the vessels, which were mnch 
flUMiUer, tbey could pass only one by one, and were obliged 
lo cbangts their figure into that of a» oblong spheroid. 

§VI. 

Ccmposùim rftke Blood. 

' Witbthe end of a quill, or a very soft brush, take up t 
small drop of blood just drawn from a vein, and spread it 
ma tbhi ais possible over a bit of talc ; if you then apply to 
yoW ttiteroscope one of the strongest magnifiers, you will 
distânetty see its globules. 

By these means it has been found, that the red globuleé 
•f the human blood are each composed of six smaller glo^ 
bules^ utiited together ; and that when disunited by any 
cause whatever, they are no longer of a red colour. These 
red globules are so exceedingly minute, that their diameter 
is only fkkt 160tb part of a line, so that a sphere of a line 
indiaiMMr would contain 4096000 of theme 

|vn. 

Of the Skin ; its Pores, and Scales. 

If youvCUt off a small bit of the epidermis by means of a 
very sharp razor, and place it oii the object-phtte of the 
microscope; you will see it covered with a multitude of 
small scales, so exceedingly minute, that, according to 
Lewenhoek, a grain of sand would cover two hundred of 
them : that is to say, in the diameter of a grain of sand 
there are 14 or 15. These scales are arranged like those 
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:on the back of fishes, or like the tiles of a bouse ; that i», 
each covering the other* 

/ If you are desirous of viewing their form with more con* 
veuience, scrape the epidermis with a penknife, and put 
the dust obtained by these means into a drop of water: 
you will then observe that these scales, in general, have 
five planes, and that each consists of several strata. 

Below these scales are the pores of the epidermis^ which 
Vrheu the former are removed may be distinctly perceived^ 
like small holes pierced with an exceedingly fine needle» 
Lewenhoek counted 120 in the length of a line ; so that a 
line square, 10 of which form an inch, would contain 14400; 
consequently a square foot would contaih 144000000, and 
as the surface of the human body may be estimated at' 14 
square feet, it must contain 2016 millions* 

Each of these pores corresponds in the skin to an ex<^ 
cretory tube, the edge of which is lined with the epidermisi 
When the epidermis has been detached from the: skio^ 
these internal prolongations of the epidermis may be ob* 
served in the same manner as we see in the reverse .of a 
piece of paper, pierced with a blunt needle, the rough edge 
formed by the surface, which has been torn aud. turned 
inwards. 

. The pores of the skin are more particularly remarkable 
in the hands and the feet. If you wash your hands well 
with soap, and look at the palm with a common magnifier, 
you will see a multitude of furrows, between which the 
pores are situated. If the body be in a state of perspira« 
tiop at the time, you will see issuing from these pores a 
small drop of liquor, which gives to each the appearand^ 
of a fountain. 

§ VIII. 
Of the Hair of Animals. 
The hairs of animals, seen through the microscope, ap- 



pear to be organized bodies, like the other parts ; and, by 
the variety of their texture and conformation, tbey afford 
much subject of agreeable observation. In general, they 
appear to be composed of long^ slender, hollow tubes, or 
of several small hairs covered with a common bark ; others^ 
such as those of the Indian deer, are hollow quite through* 
The bristles of a cat's whiskers^ when cut transversely^ ex* 
hibit the appearance of a medullary part, which occupies 
the middle, like the pith in a twig of the elder-^ree. Those 
of the hedge-hog contain a real marrow, which is whitish, 
and formed of radii. 

As yet however we are not perfectly certain in regard 
to the organization of the human hair. Some observers, 
seeing a white line in the middle, have concluded that it 
is a vessel which conveys the nutritive juice to the extemity. 
Others contest this observation, and maintain that it is 
merely an optical illusion, produced by the convexity of 
the hair. It appears however that some vessel must be 
extended lengthwise in the hair, if it be true that blood has 
been seen to issue at the extremity of the hair cut from 
persons attacked with that disease called the Plica Polonica. 
But quere, is this observation certain ? 

§IX. 

Singularities in regard to the Eyes of most Insects. 

The greater part of insects have not moveable eyes, 
which they can cover with eye-lids jat pleasure, like other 
animals. These organs, in the former, are absolutely im- 
moveable ; and as they are deprived of that useful cover- 
ing assigned to others for defending them, nature has sup- 
plied this deficiency by forming them of a kind of corne- 
ous substance, proper for resisting the shocks to which 
they might be exposed. 

' But it- is not in this that the great singularity of the eyes 
of insects consists. We discover by the microscope that 
these eyes are themselves divided into a prodigious multi- 
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tilde of others much smaller. If we take a common Ay, 
Cor example, and examine its eyes by the microscope, we 
shall find that it has on each side of its head a large excre- 
scence, like a flattened hemispliere. This may be perceived 
without a microscope ; but by means of this instrumei^ 
tjbese hemispheric excrescences will be seen divided into a 
great number of rhomboids, having in the middle a len* 
Ucular convexity, which performs the part of the crystal* 
line humocir. Hodierna counted more than 3000 of these 
rhomboids on one of the eyes of a common fly ; M. Poget 
reckoned 8000 on each eye of another, kind of fly, so that 
there are some of these insects which have 16000 eyes; 
and there are some which even have a much greater niim« 
ber, for Lewenhoek counted 14000 on each eye of anodier 
insect* 

These eyes however are not all disposed in the saoie 
qaanner: the dragon-fly, for example, besides the two 
hemsspberical excrescences on the sides, has b^ween 
these two other eminences, the upper and convex surfiMie 
of which is furnished with a multitude of eves, directed to* 
wards the heavens. The same insect has three also in 
front, in the form of an obtuse and rounded cone. The 
case is the same with the fly, but its eyes are less elevated. 

It is an agreeable spectacle, says Lewenhoek, to consider 
this multitude of eyes in insects ; for if the observer is 
placed in a certain manner, the neighbouring objects ap- 
pear painted on these spherical eminences of a diameter 
exceedingly small, and by means of the microscope they 
are seen multiplied, almost as many times as there are eyes, 
and in such a distinct manner as never can be attained Xfi 
by art. 

A great many more observations might be made in re- 
gard to the organs of insects, and their wonderful variety 
and conformation, but these we shall reserve for another 
place. 
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§x. 

Of the MUes in Cheese ^ and other Insects of the same kind. 

. If you place on tbe object-plate of the microscope some 
of tlie dust which is formed on the rind and other neigb* 
bouring parts of old cheese, it will be seen to swarm with 
a multitude of small transparent animals, of an oval figure^ 
terminating in a point, and in the form of a snout. These 
insects are furnished with eight scaly, articulated legs, by 
means of which they move themselres heavily along, roll» 
ing from one side to the other ; their head is termtBated 
ty «n obtuse body in the form of a truncated cone, where 
tbe organ through which they feed is apparently situated* 
Their bodies, particularly the lateral parts, are covered 
with several long sharp-pointed hairs, and the anus bcMr- 
dered with bair, as seen in the lower part of tbe belly. 
'. There are mites of another kind which have only six 
l^Sy and which consequently are of a different jpecies. 

- Others are of a vagabond nature,, as the observer calb 
them, and are fouod in all places where there are mattecs 
proper for their nourishmeot. 

. Tfats animal is extremely vivacious ; for Lewenhoek says 
that soflne of them, which he had attached to a pin before 
his microscope, lived in that manner eleven weeks. 

§XI. 

Of the Ionise and Flea. 

Boéh these animals are exceedingly disagreeable^ par* 
ticvlarly the latter, and do not seem proper for being tbe 
yibject of microscopic observation ; but to tbe philosopher 
tio object in nature is disagreeable, because deformity Is 
sieve^ i^tive, and the most hideous animal often ex- 
hibits smgularities, which serve to make us better ac* 
quainted with the infinite variety of the works of the 
Creator. 

- |f you make a louse fast for a couple of days^ and then 
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place it on your hand, you will see it soon attach itself to 
it, and plunge its trunk into the skin. If viewed in this 
state by means of a microscope, you will see, through its 
skin, your blood flowing under the form of a small stream, 
into its vehtricle, or the vessel that supplies its place, and 
thence distributing itself to the other parts, which will be* 
come distended by it. 

This animal is one of the most hideous in nature : iu 
head is triangular, and terminates in a sharp point, to which 
is united its proboscis or sucker. On each side of the head, 
and at a small distance from its anterior point, are placed 
two large antennœ, covered with hair ; and behind these, 
towards the two other obtuse angles of the triangle, are the 
animars two eyes. The head is united by a short neck to 
the corslet, which has six legs furnished with hair at .the 
articulations, and with two hooks each at the extremity^ 
The lower part of the belly is almost transparent, and on 
the, sides has a kind of tubercles, the last of which are for* 
nished with two hooks. Dr. Hook, in his MicrograpMa^ 
has given the figure of one of these animals, about half a 
foot in length. Those who see the representation of this 
insect will not be surprised at the itching on the skin, which 
it occasions to persons, who in consequence of dirtiness are 
infested with it. 

The flea has a great resemblance to the shrimp, as its 
back is arched in the same manner as the back of that 
animal. It is covered as it were with a coat of mail, con- 
sisting of large scales laid over each other ; the hind part 
is round, and very large in regard to the rest of the body ; 
its head is covered by a single scale, and at the extremity 
has a kind of three terebrae, by means of which the insect 
sucks the blood of animals. Six legs, with thighs exceed- 
ingly thick, and of which the first pair are remarkably long, 
enable it to perform all its movements. The great size of 
the thighs is destined, no doubt, to contain the powerful 
muscles which are necessary to carry the insect to a height 
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or distance equal to several hundred times its length. 
Being destined to make such large leaps, it was also ne« 
cessary that it should be strongly secured against fails to 
which it might be exposed, and nature has made ample 
provision against accidents gf this kind, by supplying it 
with scaly armour. Figures of the flea and louse, highly 
magnified, will be found in the works of Hook and Joblot. 

SXIL 

MotUdiness. 

Nothing can be more curious than the appearance eX" 
hibited by mouldiness, when viewed through the micro- 
scope. When seen by the naked eye, one is almost in- 
duced to consider it as an irregular tissue of filaments ; but 
the microscope shows that it is nothing else than a small 
forlsst of plants, which derive their nourishment from the 
moist substance, tending towards decomposition, which 
serves them as a base. The stems of these plants may be 
plainly distinguished; and sometimes thefar buds, some 
shut and others open. Baron de Munchausen has even 
done more : when carefully examining these small plants, 
he observed that they had a great similarity to mushrooms. 
They are nothing, therefore, but microscopic mushrooms, 
the tops of which, when they come to maturity, emit an 
exceedingly fine kind of^dust, which is their seed. It is 
well known that mushrooms spring up in the course of one 
night ; but those of which we here speak, being more 
rapid, almost in the inverse ratio of their size, grow up in 
a few hours* Hence the extraordinary progress which 
mouldiness makes in a very short time. 

Another very curious observation of the same kind, made 
by M. Ahlefeld of Giessen, is as follows: Having seen 
some stones covered with a sort of dust, he had the cu- 
riosity to examine it with a microscope, and found to his 
great astonishment, that it consisted of small microscopic 
mushrooms, raised on very short pedicles, the heads of 
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which, round in the middle, were turned up at the edges : 
they were striated also from the centre to the circumfer* 
ence, as certain kinds of mushrooms are* He remarked 
likewise, that they contained, above their upper covering, 
a multitude of small grains, shaped like cherries, some- 
what flattened ; which in all probability were the seeds. 
In the last place, he observed, in this forest of mushrooms, 
several small red insects, which no doubt fed upon them. 
See Act. Leips. for the year 1739. 

§ XIIL 

Dust of the Ly coper done 

The lycoperdon, or puff-ball, is a plant of the fungus 
kind, which grows in the form of a tubercle, covered with 
small grains like shagreen. If pressed with the foot, it 
bursts, and emits an exceedingly fine kind of dust^ which 
flies off under the appearance of smoke ; but commonly a 
pretty large quantity remains in the half opened cavity of 
the;plant. If some of this dust be placed on the objects 
plate of the microscope, it appears to consist of perfectly 
round globules^ of an orange colour, the diameter of which 
is only about the 50th part of a hair; so that each grain 
of this dust is but the 125000th part of a globule equal in 
diameter to the breadth of a hair. Some lycoperdons 
contain browner spherules, attached to a small pedicle* 
This dust no doubt is the seed of this anomalous plant. 

§ XIV. 

Of the Farina of.FUmers. 

It is not long since the utility of this farina in the vegetft» 
ble economy was known. Before this discovery, it was 
thought to be nothing else than the excrement of the 
juices of the flower ; but it is shown by the microscope 
that this dust is regularly and uniformly organised in each 
kind ol plant. In the mallow, for example, each grain is 
an opake ball, entirely covered with points. The farina 
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bf the tulip^ arid of most of the lily kind of flowers^ has a 
resemblance to the seeds of cucumbers and melons. That 
of the p<)ppy resembles a grain of barley, with a longi- 
tudinal groove in it. 

But we are taught by observation still more ; for it is 
found that this dust ot fatina is only a capsule, which con* 
tains another far more minute ; and it is the latter which 
is the real fecundating dust of plants^ 

§xv. 

Ofihe Apparent holes in the Leaves of some Plants. 

There are certain plants the leaves of which appear to 
be pierced with a multitude of small holes. Of this kind> 
in particular, is that called by botanists hypericum^ and 
by the vulgar St. John's wort. But^f a fifagnjent of one 
of these leaves be viewed through a microscope, the sup- 
posed holes are found to be vesicles, contained in the 
thickness of the leaf, and covered with an exceedingly thin 
membrane ; in fact, they are the receptacles which contain 
the essential and aromatic oil peculiar to that plant. 

§ XVI. 

Of the Down of Plants. 

"The spectacle exhibited by those plants which have 
down^ such as borage, nettles, &c, is exceedingly curious. 
When viewed through the microscope, they appear to be 
so covered with spikes as to excite horror. Those of 
borage are for the most part bent so as to form an elbow ; 
and^ though really very close, they appear by the micro- 
scope to be at 3 considerable distance from each others 
Persons who are not previously told what substance they 
are looking at, will almost be induced to believe that U^y 
see the skin of a porcupine. 
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§xvn. 

Of the Spark struck from a piece of Steel by vieans of m 

Flint. 

If sparks struck from a piece of steel by a flint be made 
to fall ou a leaf of paper, they will be found, for the most 
part, to be globules, formed of small particles of sted, 
detached by the shock, and fused by the friction; Dr. 
Hook observed some which were perfectly smooth, and 
reflected with vivacity theimage of a neighbouring window. 
When in this state, they are susceptible of being attntcted 
by the magnet ; but very often they are reduced by the 
fusion to a kind of scoria, and in that case the ms^et baa 
no power over them. The cause of this we shall explain 
hereafter. This fusion will excite no surprise when it is 
known that the bodies nH)st difficult to be liquefied need 
only, for that purpose, to be reduced to very minute 
particles. 

i XVIH. 

Of the Asperities of certain bodies, which appear to be ex^ 
ceedingly Sharp wnd highly Polished. 

If a needle, apparently very sharp, be viewed through 
the microscope, it will seem to have a very blunt, irregular 
point, much resembling that of a peg broken at the end. 

The case is the same with the edge of the best set razor» 
When viewed through the microscope, it will appear like 
the back of a ppnknife, and at certain distances exhibit in- 
dentations like the teeth of a saw, but irregular. 

If a piece of the highest polished glass be exposed to 
the microscope, you will be much astonished at its appear- 
ance: it will be seen furrowed, and filled with asperities, 
which reflect the light in an irregular manner, making it 
assume diflerent colours. The case is the same with the 
best polished steel. 

Art, in this respect, is far inferior to nature ; for if 
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works which have been made and polished , as we may say, 
by the latter, are exposed to the microscope, instead of 
losing their polish, they appear with greater lustre. When 
the eyes of a fly, if illuminated by means of a lamp or 
taper, are viewed through this instrument, each of them 
exhibits an image of the taper with a precision and viva^city 
firbicb nothing can equaj. 

§ XIX. 

Of Sand seen through the Microscope. 

It is well known that there are some kinds of sand 
calcareous, and others vitrifiable. The former, seen 
:throqgh the microscope, resemble in a great measure large 
irregular fragments of rock. The most curious spectacle 
however is exhibited by the vitreous kind : when it consists 
of rolled sand, it appears like so many rough diamonds, 
^nd sopietimes like polished ones. One kind of sand, when 
;5een through the microscope, appears to be an assemblage 
of diamonds, rubies and emeralds : another presents th^ 
embryos of shells, exceedingly small. 

§XX. 

Of the Pores of jChçircoaL 

Dr. Hook had the curiosity to examine with a micro- 
scope the texture of charcoal, which he found to be filled 
with pores regularly arranged, and passing through ite 
whole length: hence it. appears that there is no charcoal 
into which the air does not in4:roduce itself. This ob- 
server, in the 18th part of an inch, counted 150 of these 
pores; from which it follows, that in a piece of charcoal} 
jan inch in diameter, there are about 5720000. 

On this subject we have been obliged, agreeably to our 
plan, to be exceedingly brief; but, to supply this de- 
ficiency, we shall here point out the principal works which 
contain micrographie observations, and the authors whx> 
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have particularly applied to this kind of study. The first 
"we shall mention is Father Bonnani, a Jesuit, author of a 
book entitled Siereazione delVochio è dtUa meniez part of 
which is entirely devoted to this subject. The celebrated 
Lewenhoek spent almost the whole of his life in the same 
occupation, and published the observations he made in his 
Arcana Naturae. A great many observations of this kind 
may be found scattered here and there throughout all the 
Journals 3.nd Memoirs of learned Societies. But few have 
made so many researches on this subject as M. Joblot^ 
author of a quarto volume, entitled Description et usages 
de plusieurs nouveaux Microscopes^ Kc, avec de rumoeaux 
observations sur un multitude innombrable d^insectes, Kc, 
qui naissent dans les liqueurs^ 8cc : Paris 1716. He infused 
in water a great number of different substances, and caused 
the small animals produced in these infusions to be en- 
graved : to the greater part of them he has even given 
names, derived from their resemblance to known bodies, 
or from other circumstances. But we \ must refer the 
reader to the work itself, which was republished in 1754, 
considerably enlarged, under this title : Obseivations d^ His- 
toire Naturelle, faites avec le Microscope sur un grand 
nombre £ Insectes y et sur les Animalcules qui se trouvent dans 
les liqueurs préparées et non préparées, SÇc^ 4to, with a 
great number of plates. Need ham, in the year 1750, 
published his work, called New Microscopical observations. 
Buffon's observations on spermatic moieculae may be seen 
in his work on Natural History. We have also Baker's 
works, entitled the Microscope made easy, and Employ- 
ment for the Microscope, The first part contains a de- 
scription of the apparatus and the method of using differ- 
ent kinds of microscopes, and the second a very long 
detail of microscopical observations made on various na- 
tural objects. This work ^Vas attended with great success, 
and is exceedingly instructive. The abbé Spallanzani 
caused his microscopical observations, in which he several 
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times contradicts Needham, to be printed in Italian; a 
French translation, entitled Nouvelles Observations Micros 
scopiqueSj was published in octavo at Paris, in 1769, with 
jiotes by the above philosopher. If to these be added 
various Memoirs, by Fontana, Roffredi, Spallanzani, Sec, 
published in the Journal de Physique^ we shall have enu- 
merated all the writings, or at least the principal ones, 
which have hitherto appeared on this subject. 
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PART FIFTH. 



Containing every thing most curious in regard to Acoustics 

and Music. 

The ancients seem to have considered sounds under no 
other point of view than that of music ; that is to say, as 
affecting the ear in an agreeable manner. It is even very 
doubtful whether they were acquainted with any thing 
more than melody, and whether they had any art similar 
to that which we call composition. The moderns, how- 
ever, by studying the philosophy of sounds, have made 
many discoveries in this department, so much neglected 
by the ancients; and hence has arisen a new science, 
distinguished by the name of acoustics. Acoustics have 
for their object the nature of sounds, considered in gene- 
ral, both in a mathematical and a philosophical view. This 
science therefore comprehends music, which considers the 
ratios of sounds, so far as they are agreeable to the ear, 
either by their succession, which constitutes melody, or 
by. their simultaneity, which forms harmony. We shall 
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increase in proportion as the air contained in the machine 
approaches towards the same state as that of the atmo- 
sphere. 

From these two experiments it results, that sound con- 
sidered in the sonorous bodies, is nothing else than rapid 
vibrations of their minute parts ; that air is the vehicle of 
it ; and that it is transmitted so much the better when the 
air by its density is itself susceptible of a similar motion. 

In regard to the manner in which sound affects the mind, 
we must first observe that at the interior entrance of the 
ear, which contains the different parts of the organ of hear- 
ing, there is a membrane extended like that of a drum, and 
i^hich on that account is called the tympanum. It is very 
probable that the vibrations of the air, produced by the 
sonorous body, excite vibrations in this membrane ; that 
these produce similar ones in the air, with which the in- 
ternal cavity of the ear is filled ; and that the sound is in- 
creased by the peculiar construction of the parts, and the 
circumvolutions both of the semicircular canals and of the 
helix : hence there is occasioned in the nerves that cover 
the helix, a motion which is transmitted to the brain, and 
by which the mind receives the perception of sound* Here 
however we must stop; ,for it is not possible to ascertain 
how the motion of the nerves can affect the mind \ but it is 
sufficient for us to know by experience that the nerves are 
as it were the mediators between our spiritual part, and the 
external and sensible objects. 

Sound always ceases when the vibrations of the sonorous 
body cease, or become top weak. This is proved also by 
experiment, for when the vibrations of a sonorous body are 
damped by any soft body, the sound seems suddenly to 
cease. In a piano-forte therefore, the quills are furnished 
with bits of cloth, that by touching the strings -when they 
fall down, they may damp their vibrations. On the other 
hand, when the sonorous body by its nature is capable of 
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continuing its vibrations for a considerable time, as is the 
case with a large bell, the sound may be heard for a long 
time after. 

ARTICLE II. 

O71 the velocity of sound; experiments for determining it ; 
method of measuring distances by it. 

Light is transmitted from one place to another with in- 
credible velocity ; but this is not the*case with sound : the 
velocity of sound is very moderate, and may be measured 
in the following manner. 

Let a cannon be placed at the distance of several thou- 
sand yards, and let an observer with a pendulum that vi- 
brates seconds, or rather half seconds, put the pendulum in 
motion as soon as he sees the (lash, and then count the 
number of seconds or half seconds which elapse between 
that period and the moment when he hears the explosion. 
It is evident that, if the moment when the flash is seen be 
considered as the signal of the explosion, nothing will be 
necessary, to obtain the number of yards which the sound 
has passed over in a second, but to divide the number of 
the yards between the place of observation and the cannon, 
by the number of seconds or half seconds wliicb have been 
counted. 

Now the moment when the flash is perceived, whatever 
be the distance, may be considered as the real moment of 
the explosion; for so great is the velocity of light, that it 
employs scarcely a second to traverse 60000 leagues*. 

* The velocity of the particles and rays of light is truly astouishiog, as iC 
amounti to nearly 3 hundred thousand miles in a second of time, which is 
nearly a million times greater than the velocity of a cannon-ball. It hat 
been found by repeated experiments, that when the earth is exactly hetween 
Jupiter and the sun, his satellites are seen eclipsed 8^ minutes sooner than 
they could be according to the tables ; but when the earth is nearly in the 
opposite point of its orhit, these eclipses happen ahout 8^ minutes later than 
the tables predict them : hence it is certain that the motion of light is not 
instantaneous, but that it takes up about 16| minutes of time in passing over 
a space equal to the diameter of the earth's orbit, which is at least 190 mit- 
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By similar experiments the members of the Royal 
Academy of Sciences found, that sound moved at the rate 
of 1 172 Parisian feet in a second. Gassendus makes its ve- 
locity to be 1473 feet in a second; Mersenne 1474; Du- 
hamel, in the History of the Academy of Sciences, 1338; 
Newton 968; and Derham, in whose measure Flamsteed 
and Halley concurred, 1142. Though it isdiflScult to de- 
termine among so many authorities, the last estimate, viz 
1142 per second, has been generally adopted in this 
country. 

It is to be observed that, according to Derham's experi- 
ments, the temperature of the air, whether dry or moist, 
cold or hot, causes no variation in the velocity of sound. 
This philosopher had often an opportunity of seeing the 
flash and hearing the report of cannon fired at Blackheath, 
9 or 10 miles distant, from Upminster, the place of his re- 
sidence ; but whatever might be the state of the weather, 
he always counted the same number of half seconds, be- 
tween the moment of seeing the flash and that of hearing 
the report, unless any wind blew from either of these 
places, in which case the number of the seconds varied 
from 11 1 to 112. It may be readily conceived, that if the 
wind impelled the fluid put into a state of vibration, to- 
wards the place of the observer, the vibrations would reach 
him sooner than if the fluid had been at rest, or had been 
impelled in a contrary direction. 

But notwithstanding what Derham has said, we can 
hardly be persuaded that the velocity of sound is not af- 
fected by the temperature of the air ; for when the air is 
heated, and consequently more rarefied or elastic, the vi- 
brations must be more rapid : observations on this subject 
ought to be carefully repeated. 

An inaccessible distance then may be measured by means 

lions of miles in length, or moves at the rate of nearly 200000 miles per se« 
cond. Hence therefore light takes about 8^ minutes in passing from the sun 
to the earth • 
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of sound. For this purpose provide a pendulum that 
swings half seconds, which may be done by suspending 
from a thread a ball of lead, half an inch in diameter, in 
such a manner, that there shall be exactly 9y|- inches, or 
9^, between the centre of the ball and the point of suspen- 
sion ; then the moment you perceive the flash of a cannon, 
or musket, let go the pendulum, and count how many vi- 
brations it makes till the instant when you hear the report: 
if you then multiply this number by 571 feet, you will 
have the distance of the place where the musket or cannon 
was fired. 

We here suppose the weather to be calm, or that the 
wind blows only in a transversal direction ; for if the wind 
blows towards the observer from the place where the can- 
non or gun is* fired, and if it be violent, as many times 12 
feet, as there have been counted half seconds, must be added 
to the distance found ; and in the contrary case, that is, if 
the wind blows from the observer, towards the quarter 
where the explosion is made, they must be subtracted. It 
is well known that a violent wind makes the air move at 
the rate of about 24 feet per second, which is nearly the 
48th part of the velocity of sound. If the wind be mode- 
rate, a 96th may be added or subtracted ; and if it be weak, 
but sensible, a I92d : but this correction, especially in the 
latter case, seems to be superfluous ; for can we ever flat- 
ter ourselves that we have not erred a 192d part in the 
measuring of time ? 

This method may be employed to determine the distance 
of ships at sea, or in a harbour, when they fire guns, pro- 
vided the flash can be seen, and the explosion heard. 
During a storm also, the distance of a thunder-cloud may 
be determined in the same manner. But as. a pendulum 
is not always to be detained, its place may be supplied by 
observing the beats of the pulse, for when in its usual state^ 
each interval between the pulsations is almost equal to a 
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second; but when quick and elevated, each pulsation k 
equal to only two thirds of a second. 

ARTICLE III. 

How sounds may be propagated in every direction Tffithout 

confusion. 

This is a very singular phenomenon in the propagation 
of sounds ; for if several persons speak at the same time^ 
or play on instruments, their different sounds are heard 
simultaneously, or all together, either by one person, or 
by several persons, without being confounded in passing 
through the same place in different directions, or without 
damping each other. Let us endeavour to account f<^ 
this phenomenon. 

The cause no doubt is to be found in the property of 
elastic bodies. For let us conceive a series of globules 
equally elastic, and all contiguous, and let us suppose that 
a globule is impelled with any velocity whatever against 
the first of the series : it is well known that in a very short 
time the motion will be transmitted to the other extremity, 
so that the last globule will have the same motion com- 
municated to it as if it had been itself immediately impel- 
led. Now if two globules with unequal velocities impel 
at the same time the two extremities of the series, the 
globule a, for example, the extremity a, and the globule 
i the extremity b (fig. 1 pi. 15), it is certain, from the 
well known properties of elastic bodies, that the globules 
a and b, after being a moment at rest, will be repelled, 
making an exchange of velocity, as if they had been im- 
mediately impelled against each other. 

If we suppose a second series of globules, intersecting^ 
the former in a transversal direction, the motion of this 
second series will be transmitted by means of the common 
globule, from one end to the other of this series, in the 
same manner as if it had been alone. The case will be the 
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isàtne if two, three, four or more series cross the first one, 
either in the same poiftt or in different points. The par- 
ticular motion communicated to the beginning of each 
series, will be transmitted to the other end, as if that series 
were alone. 

This Comparison may serve to show how several sounds 
may bé transmitted in all directions, by the help of the 
same medium ; but it must be allowed that there are some 
small differences. For^ in the first place, we must not cori- 
ceive the air, which is the vehicle of sounds to be composed 
of elastic globules, disposed in such regular series as those 
here supposed : each particle of air is no doiibt in cfontac^t 
with several others at the same time, and its motion is 
thereby communicated in every direction. Hence it hap- 
pens that the sound, which would reach to a very great 
distance almost without diminution, if communicated as 
here supposed, experiences a considerable decrease, in 
proportion as it recedes from the body which produced it. 
Though the movement by which sound is transmitted bé 
more complex, there is reason to believe that it is reduced, 
in the last instaitce, to something similar to what has been 
here describedé 

The second difference arises from the particles of air, by 
which the organ of hearing is immediately affected, not 
having a movement of translation, like the last globule of 
the series, which proceeds with a greater or less velocity ; 
in consequence of the shock that impels the other extremity 
of the series. But the movement in the air consists merely 
of an undulation of vibration, which, in consequence of the 
elasticity of its aerian particles, is transmitted to the ex- 
tremit}' of the series, such as it was received at the Other. 
It must be observed tbat the sonorous body communicates 
to the air, which it touches, vibrations isochronous with 
those which it experiences itself; and that the same vi- 
brations are transmitted from the one end to the other of 
the series, and always with the same velocity : for we ar« 

VOL. II. y 
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taught by experience that a grave sound , ceteris paribus, 
does not employ more time, than an acute one, to pass 
through a determinate space. 

ARTICLE IV. 

0/Ecfioes; how produced ; account of the most remarkable 
echoes, and of some phenomena respecting them. 

Echoes are well known ; but however common this phe- 
nomenon may be, it must be allowed that the manner in 
which it is produced is stUt involved in considerable ob- 
scurity, and that the explanation given of it does not suf- 
ficiently account for all the circumstances attending it. 

All philosophers almost have ascribed the formation of 
echoes to a reflection of sound, similar to that experienced 
by light, when it falls on a polished body. But, as D' Alem» 
bert observes, this explanation is false ; for if it were not, 
a polished surface would be necessary to the production 
of an echo ; and it is well known that this is not the case» 
Echoes indeed are frequently heard opposite to old walls, 
which are far from being polished ; near huge masses of 
rock, and in the neighbourhood of forests, and even of 
clouds. This reflection of sound therefore is not of the 
same nature as that of light. 

It is evident, however, that the formation of an echo can 
be ascribed only to the repercussion of sound ; for echoes 
are never heard but when sound is intercepted, and made 
to rebound by one or more obstacles. The most probable 
manner in which this takes place is as follows. 

For the sake of illustration, we shall resume our com- 
parison of the aerian moleculae, to a series of elastic glo> 
bules. If a series of elastic globules then be infinite, it 
may readily be conceived, that the vibratioifs communi- 
cated to one end, will be always propagated in the same 
direction, and continually recede ; but if the end of the 
series rest against any fixed point, the last globule will re- 
act on the whole series, and communicate to it, in the 



cforttfafy direction, the same motion as it would have 
communicated to the rest of the series, if it had not rested 
against a fixed point. This ought indeed to be the case 
whether the obstacle be in a line with the aeries or oblique 
to it, provided the last globule be kept back by the neigh-^ 
bouring ones, only with this difference, that the retrograde 
motion will be stronger in the latter case, according as 
the obliquity is less< If the aerian and soworous molecules 
then rest against any point at one end ; and if the obstacle 
be at such a distance from the origin of the motion, that 
the direct and repercussfve motion shall not make them- 
selves sensible at the same instant, the ear will distinguisfa 
the one from the other, and there will be an echo. 

But we are taught by experience, that the ear does hot 
distinguish the succession of two sounds, unless there be 
between them the interval of at least one twelfth of lEt 
second : for during the most rapid movement of instru- 
mental music, each measure of which cannot be estimated 
at less than a second*, twelve notes are the utmost that 
can be compiiehended in a measure, to render the suc- 
cession of the sounds distinguishable ;- consequently the 
obstacle which reflects the sound must be at such a di- 
stance, that the reverberated sound shall not succeed the 
direct sound till after one twelfth of a second; and as 
sound moves at the rate of about 1142 feet in a second^ 
and consequently about 95 feet in the twelfth of a second, 
it thence follows that, to render the reverberated sound 
distinguishable from the direct sound, the obstacle must 
be at the distance at least of about 48 feet. 

There are single and compound echoes* In the former 
only one repetition of the sound is heard ; in the latter 
there are 2, 3, 4, 5, &c, repetitions. We are even told 
of echoes that can repeat the same word 40 or ^O times. 

* If a piece of masic^ consisting of 60 measures^'were executed in a 
minute, this, in our opinion, would be a rapidity of which there are few 
iiistiinces in the art, 

y2 
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Single echoes are those where there is only one obstacle: 
for the sound, being impelled backwards, will continue its 
course in the same direction without returning j but double, 
triple, or quadruple echoes, may be produced different 
ways. If We suppose, for example, several walls one be- 
hind the other, the remotest being the highest ^ and if each 
be so disposed as to produce an echo; as many repetitions 
of the same sound as there are obstacles will be heard. 

Another way in which these numerous repetitions may 
be produced, is as follows: Let us suppose two obstacles, 
A and B, (fig. 2 pi. 15), opposite to each other, and the 
productive cause of the sound to be placed between them, 
in the point s ; the sound propagated in the directioafrom 
s to A, after returning from a to s, will be dnv^vback by 
the obstacle b, and again return to s ; having then traversed 
the space sa, it will experience a new repercussion, which 
will carry it to s after it has struck the obstacle B-; and this 
would be continued in infinitum if the sound did not always 
become weaker. On the other hand, since the sound is 
propagated as easily from s to b as from S' to a, it will at 
first be sent back also from b towards s-; having then 
passed over the space sA, it will be repelled from A 
towards s; then again from b towards s, after having 
traversed the distance sb, and so on in succession,, till the 
sound dies entirely away. 

The sound therefore produced in s will be heard after 
times, which may be expressed by 2sa; 2sb ; 2sb + 2sa; 
4sa + 2sb; 4sb + 2sa; 4sa + 4sb; 6sa + 4sb; 6sb 
+ 4sa ; 6sA + 6sb, &c ; which will form a repetition of 
the sound after equal intervals, when sa is equal to sb, 
and even when sb is double sa ; but when sa is a third, 
for example, of sb, this remarkable circumstance will take 
place, that after the first repetition, there will be a kind 
of double silence; three repetitions will then follow, at 
equal intervals ; there will then be a silence double one of 
these intervals ; then three repetitions after intervals equal 
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to the former ; and so on till the sound is quite extin- 
guished» The different ratios of the distances sa, sb, will 
also give rise to different irregularities in the succession of 
these sounds, which we have thought it our duty to notice, 
as being possible, though we do not know /that they have 
been ever observed. 

There are some echoes that repeat several words in 
succession; but this is not astonishing, and must always 
be the case when a person is at such a distance from the 
eche, that there is sufficient time to pronounce several 
words before the repetition of the £rst has reached the 
ear. 

There are some echoes which have been much celebrated 
en account of their singularity, or of the number of times 
that they repeat the same word. Misson, in his descrip- 
tion of Italy, «pea^s of an echo at the villa Simonetta, 
which repeated the same word 4tO times. At Woodstock 
in Oxfordshire there is an echo which repeats t^e sapae 
sound 50 times*. 

The description of an echo still more singular near 
Roseneath, some miles distant from Glasgow, may be 
found in the Philosophical Transactions for the year 1698. 
If a person, placed at the proper distance, plays 8 or 10 
notes of an air with a trumpet, the echo faithfully repeats 
them, but a third lower; after a short silence anpther 
repetition is heard in a tone still lower; and another short 
silence is followed by a third repetition^ .in a tone a third 
lower. 

A similar phenomenon is perceived in certain halls ;^ 
-where, if a person stands in a certain position, and prQi* 
nounces a few words with alow voice, .they are heard only 
by another person standing in a determinate place. Mus« 
chenbroeck speaks of a hall of this kind in the castle of 

* This seeu^s to be a mistake: the echo at Woodstock, according to Dr. 
Plat, repeats in the day time very distinctly 17 syllables, and in the nighi^ 
tine SO. NaL HitU qfOif, chap. 1, p. 7. 



Cleves; and most of those who have vetted the Ob» 
servatory at Paris have experienced a sio^ilar phenomenqa 
in the hall on the first story. 

Philosophers unanimously agree in ascribing this phe^ 
nomenon to the reflection of the sonorous rays ; whicb^ 
after diverging from the mouth of the speajker, are re* 
fleeted in such a manner as to unite in another point. But 
it may be readily conceived, say they, that as the sound by 
this union is concentrated in that point, a person whose 
ear is placed very near will hear it, though it cannot be 
heard by those who are at a distance. 

We do not know whether the hall in the castle of Cleves^ 
of which Muschenbroeck speaks, is elliptical, and whether 
the two points where the speaker and the person who listens 
ought to be placed are the two foci ; but in regard to the 
ball in the Observatory of Paris, this explanation is entirely 
void of foundation* For, 

1st. The echoing hall, or as it is palled the Hall of 
Secrets, is not at all elliptical ; it is an octagon» the walls of 
which at a certain height are arched with what are called 
in architecture cloister arches; that is to say, by portions 
of a cylinder which, in meeting, form re-entering angles, 
that continue those formed by the sides of the octagonal 
plan. 

9id. The person who speaks does not stand at a moderate 
distance from the wall, as ought to be the case in order to 
make the voice proceed from one of the foci of the sup^- 
posed ellipsis: he applies his mouth to one of the re- 
entering angles, very near the wall, and the person whose 
ear is nearly at the same distance from the wall, on the 
side diametrically opposite, hears the one who speaks on 
the other side, even when he does so with a very low 
voice. 

It is therefore evident that, in tliis case, there is no re- 
flection of the voice according to the laws of catoptrics ; 
but the re-entering angle continued along the arch, from 
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otie side of the hall to the other, forms a sort of canal, 
which contains the Toice, and transmits it to the other 
side. This phenomenon is entirely similar to that of a 
very long tube, to the end of which if a person applies his 
mouth and speaks, even with a low voice, he will be heard 
by a person at the other end. 

The case is the same with the whispering gallery, or 
dome of St. Paul's church, London; or even with the 
arched recesses on Westminster bridge ; the sound is not 
heard by a person in the intermediate spaces, but only at 
the opposite point of the dome, or of the opposite recess 
of the bridge. 

The Memoirs of the Academy of Sciences, for the year 
1692, speak of a very remarkable echo in the court of a 
gentleman's seat called le Genetay, in the neighbourhood 
of Rouen. It is attended with this singular phenomenon, 
that a person who sings or speaks in a low tone, does not 
hear the repetition of the echo, but only his own voice ; 
while those who listen hear |pty the repetition of the 
echo, but with surprising variations ; for the echo seems 
sometimes to approach and sometimes to recede, and at 
length ceases when the person who speaks removes to 
some distance, in a certain direction. Sometimes only one 
voice is heard, sometimes several, and sometimes one is 
heard oh the right, and another on the left. An explana- 
tion of all these phenomena, deduced from the semicircular 
form of the court, may be seen in the^above collection. 

ARTICLE V. 

Experiments respQCting the vibrations of musical strings j 
which form the basis of the theory of music. 

If a string of metal or catgut, such as is used for musical 
instruments, made fast at one of its extremities, be ex- 
tended in a horizontal direction over a fixed bridge ; and 
if a weight be suspended from the other extremity^ so as 
to stretch it ; this string, when struck, will en^it a sound 
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produced by reciprocal vibrations, which are sensible t9 
the sight. 

If the part of the string made to vibrate be shortened , 
and reduced to one half of its length, any person who has 
a musical ear will perceive, that the iiew sound is the 
octave of the former, that is to say twice as sharp. — ^If the 
vibrating part of the string be reduced to two thirds of its 
original length, the sound it emits will be the fifth of the 
first.— rif the length be reduced to three fourths, it will 
give thie fourth of the first. — If it be reduced to f , it will 
give the third major ; if to ^, the third minor. If reduced 
to I , it will give what is called the tone major ; if to -^^ 
the tone minor ; and if to ^^, the semi-tone, or that which 
in the gamut is between mi sxidfa^ or si and soL 

The same results will be obtained if a string be fastened 
at both ends, and 4, |^, and ^ of it, be successively interr* 
cepted by means of a moveable bridge. 

As this subject will be better understood if the reader 
has a clear idea of the relation of the sounds in the diatonio 
progression, we shall here insert the following table^ 
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590 MUSICAL STmiHGff. 

. SiKb is the result of a determinate degree of tension 
given to a strings when the length of it has been made to 
vary. Let us now suppose that the length of the string is 
constantly the same, but that its degree of tension is 
varied. The following is what we are taught by experi- 
ment on this subject. 

If a weight be suspended at one end of a string of a 
determinate length, made fast by the otber^ and if the 
tone it emits be fixed ; when another weight quadruple of 
the first has been applied, the tone will be the octave of 
the former ; if the weight be nine times as heavy, the tone 
will be the octave of the fifth ; and if it be only a fourth 
part of the first, the tone will be the octave belc(w. Nothing 
more is necessary to prove that the effect produced, by 
successively reducing a string to ^, |., |-, &c, will be pro- 
duced also by suspending from it in succession weights in 
the ratio of 4, |^, y , &c, that is to say, the squares of the 
weights, or the degrees of tension, must be reciproeally 
as the squares of the lengths proper for emitting the<«ame 
toi\es. 

Pythagoras, we are told, was led to this discovery by 
the following circumstance. Harmonious sounds proceed- 
ing from the hammers striking on an anvil in a smith's shop 
happening one day to reach his ear, while walking in the 
street, he entered the shop, and found, by weighing the 
hammers which had occasioned these sounds, that the one 
which gave the octave was exactly the half of that which 
produced the lowest tone ; that the one which produced 
the fifth, was two thirds of it, and that the one which pro- 
duced the third major, was four fifths. When he returned 
home, meditating on this phenomenon, he extended a 
string, and after successively shortening it to one half, 
two thirds, and four fifths, perceived that it emitted sounds 
which were the octave, the fifth, and the third major, of 
the tone emitted by the whole string. He then suspended 
weights from it, and found that those which gave the 
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octave, the fifth, and the third major, ought to be re« 
spectively as 4, |, ^, to that which emitted the principal 
tone ; that is in the inverse ratio of the squares of f, |., f • 

\^hatever may be the degree of/credit due to this anec- 
dote, which is appreciated as it deserves in the History of 
the Mathematics, such were the first fiicts that enabled 
mathematicians to subject the musical intervals to calcu* 
lation. The sum of what the moderns have added to them, 
is as follows : It can be demonstrated at present by the 
principles of mechanics : 

1st* That if a string of a uniform diameter, extended 
by the same weights, be lengthened or shortened, the 
velocity of its vibrations, in these two states, will be in the 
inverse ratio of the lengths. If this string then be reduced 
to one half of its length, its vibrations will have a double 
velocity, that is to say, it will make two vibrations for one 
which it made before ; if it be reduced to two thirds, it 
will make three vibrations, for two which it made before. 
When a string therefore performs two vibrations, while 
another performs one, the tones emitted by these strings 
will be octaves- to each other; when one vibrates three 
times while another vibrates twice, the one will be the 
fifth to the other, and so on. > 

2d. The velocity of the vibrations performed by a 
string, of a determinate length, and distended by difierent 
weights, is as the square roots of the stretching weights : 
quadruple weights therefore will produce double velocity, 
and consequently double the number of vibrations in the 
same time ; a noncuple weight will produce vibrations of 
triple velocity, or a triple number in the same time. 

3d. If two strings, differing both in length and in weight, 
be stretched by different weights, the velocities of their 
vibrations will be as the square roots of the distending 
weights, divided by the lengths and the weights of the 
strings: thus, if the string a, stretched by a weight of 6 
pounds, weigh six grains, and be a foot in length ; while 
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the string b, stretched by a weight of IQ pounds, weighs 
five grains, and is half a foot in length; the velocity of 
the vibrations of the former, will be to that of the vibra- 
tions of the latter, as the square root of 6 X 6 x 1 to that 
of 5 X 10X4, ^^^^ ^^9 ^ ^he square root of 36, which is 
6, to that of 25, or 5: the first therefore will perforin 6 
vibrations while the second performs 5. 

From these discoveries it follows, that the acuteness or 
gravity of sounds, is merely the effect of the greater or 
less frequency of the vibrations of the string which pro- 
duces them ; for since we know by experience, on the one 
hand, that a string when shortened, if subjected to the 
same degree of tension, emits a more elevated tone; and 
on the other, both by theory and experience, that. its vi- 
brations are more freqtient the shorter it is, it .is evident 
that it is only the greater frequency of the vibrations that 
can produce the efiect of elevating the tone. 

It thence results also, that a double number of vibra- 
tions produces the octave of the tone produced by the 
single number; that a triple number produces the octave 
of the fifth ; a quadruple number, the double octave ; a 
quintuple the third major, above the double octave, &c; 
and if we descend to ratios less simple, three vibrations for 
two will produce the concord of fifth ; four for three, that 
of the fourth, &c. 

The ratios of tones therefore may be expressed, either 
by the lengths of the equally stretched strings which pro- 
duce them, or by the ratio of the number of the vibrations 
performed by these strings ; thus, if the principal tone be 
denoted by 1, the octave above is expressed mathematically 
l>y ii or by 2 ; the fifth by -J- or | ; the tliird major by ^ or 
^9 &c. In the first case, the respective lengths of the 
strings are denoted ; in the second the respective numbers 
of vibrations. In calculation, the results will be the same, 
whichever method of denomination be adopted. 
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PROBLEM. 

To determine the number of the vibrations made by a stringy 
of a given length and size, and stretched by a given weight; 
or^ in other words, the number of the vibrations which 
form any tone assigned. 

Hitherto we have considered only the ratios of the 
number of the vibrations, performed by strings which give 
the different concords ; but a more curious, and far more 
difficult problem, is, to find the real number of the vibra- 
tions performed by a string which gives a certain deter- 
minate tone; for it may be readily conceived that their 
velocity will not admit of their being counted. Geometry 
however, with the help of mechanics, has found means to 
resolve this question, and the rule is as follows : 

Divide the stretching weight by that of the string ; 
multiply the quotient by the length of the pendulum that 
vibrates seconds, which at London is 39-| inches, or 469f 
lines, and divide the product by the length of the string 
from the fixed point to the bridge ; extract the square 
root of this new quotient,- and multiply it by the ratio of 
the circum^rence of the circle to the diameter, viz, 3f 
nearly, or the fraction 444, ^^ decimals 3*1416 nearly; 
the product will be the number of the vibrations performed 
by the string in the course of a second. 

Let a string of a foot and a half in length, for example^ 
and weighing 8 grains, be stretched by a weight of 4 
pounds Troy weight, or 23040 grains : the quotient of 
23040 divided by 8 is £880; and as the length of the 
pendulum which swings seconds is 469^ lines, the product 
of 2880 by this number will be 1352160; if this product 
be divided by 216, the lines in a foot and a half, we shall 
have 6260, the square root of which will be 79*1201 : this 
number multiplied by 4r|- ^^ 3*1416, gives 248*563, which 
is the number of the vibrations made by the above string 
in the course of a second. 
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A very ingenious method , inTcnied by M. Sauveur, for 
finding the number of these vibrations, may be seen in the 
Memoirs of the Academy of Sciences for HOO, Having 
remarked when two organ pipes, very low, and having 
tones very near to each other, were sounded at the same 
time, that a series of pulsations or beats was heard in the 
sounds ; by reflecting on the cause of this phenomenon he 
found, that these beats arose from the periodical meeting of 
the coincident vibrations of the two pipes. Hence he coik> 
eluded, that if the number of these pulsations, which took 
place in a second, could be ascertained by a stop watcb^ 
and if it were possible also to determine, by the nature of 
the consonance of the two pipes, the ratio of the vibra^ 
tions which they made in the same time, he should be able 
to ascertain the real number of the vibrations iDade by 
each. 

We should here suppose, for example, that two (nrgan 
pipei^ are exactly tuned, the one to mi flat, and the other 
to mi; as it is well known that the interval between these 
two tones is a semi-tone minor, expressed by the ratio of 
24 to 25, the higher pipe will perform 25 vibrations while 
the lower performs only 24 ; so that at each t5th vibration 
of the former or 24th of the latter, there will be a pulsa« 
tion ; if 6 pulsations therefore are observed in the course 
of 1 second/ we ought to conclude that 24 vibrations of 
the one and 25 of the other are performed in the lOtb part 
of a second : and consequently that the one performs 240 
vibrations, and the other 250, in the course of a second. 

M. Sauveur made experiments according to this idea, 
and found that, an open organ-pipe, 5 feet in length, 
makes 100 vibrations per second ; consequently one of 4 
feet, which gives the triple octave below, and the lowest 
sound perceptible to the ear, would make only 12^: on 
the other hand, a pipe of one inch less ^, being the 
shortest the sound of which can be distinguished, will give 
in a second 6400 vibrations. The limits therefore of the 
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slowest and quickest vibrations, appreciable by the ear^ 
are according to M. Sauveur 12 i and 6400. 

We shall not enlarge farther on these details, but pro- 
ceed to a very curious phenomenon respectitig strings in a 
state of vibration. — ^Make fast a string at both its ex- 
tremities, and by means of a bridge divide it into aliquot 
parts, for example 3 on the one side, and 1 on the other ; 
and put the larger part, that is to say the |, in a state of 
vibration ; if the bridge absolutely intercepts all com« 
munication from the one part to the other, these ^ of the 
string, as is well known, will give the tone of the fourth of 
the whole string ; if -J be intercepted, the tone will be the 
third major. 

But if the bridge only prevents the whole of the string 
from vibrating, without intercepting the communication 
of motion from the one part to the other, the greater part 
will then emit only the same sound as the less ; and the |- 
of the string, which in the former case gave the fourth of 
the whole string, will give only the double octave, which 
is the tone proper to the fourth of the string. The case 
is the same if this fourth be struck : its vibrations, by being 
communicated to the other three fourths, will make them 
sound, but in such a manner as to give only this double 
octave. 

The following reason, which may be rendered plain by 
an experiment, is assigned for this phenomenon : when 
the bridge absolutely intercepts all communication between 
the two parts of the string, the whole of the largest part 
vibrates together, and if it be | of the whole string, it 
makes, agreeably to the general law, 4 vibrations in the 
time that the whole string would make 3 : its sound there- 
fore is the fourth of the whole string. 

But in the second case, the larger part of the string 
divides itself into as many portions as the number of times 
it contains the less, which in the present example is S, and 
each of these portions, as well as the fourth, performs its 
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particular vibrations : at the points of division^ as fi, c, d, 
(fig. 3 ph 15 J there are established fixed points^ between 
which the portions of the string ab, bc, cd, de, each 
vibrate separately, forming alternate bendings in a con- 
trary direction, as if these parts were alone and invariably 
fixed at their extremitieSé 

This explanation is founded on a fact which M. Sauveur 
rendered sensible to the eyes in the presence of the Royal 
Academy of Sciences {Hist, de VAcad. année 1700). On 
the points c and d, pU 15 fig« 3, he placed small bits of 
paper ; and having put the small part of the string ab in 
a state of vibration, the vibrations being communicated 
to the remaining part be, the spectators saw, with astonish- 
ment, the small bits of paper placed on the points C and o 
remain motionless, while those placed on the other parts 
of the string were thrown down. 

If the part ab of the string, instead of being exactly an 
aliquot part of the remainder be, be for example i of it, 
the whole string ae will divide itself into 7 portions, ctf 
which AB will contain two, and each of these portions will 
vibrate separately, and emit only that sound which belongs 
to the y of the string. 

If the parts ab and be be incommensurable, they will 
emit a sound absolutely discordant, and which almost im- 
mediately ceases on account of the impossibility of bend- 
ings and invariable points of rest being established. 

ARTICLE VI. 

Method of adding, subtracting, multiplying^ and dividing 

concords. 

It is necessary for those who wish to understand the 
theory of music, to know what concords result from two 
or more concords, either when added or subtracted, &c, 
by each, other. For this reason we shall give the following 
rules. 
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PBOBLEM I. 

To add one concord to another. 

Express the two concords by the fractions which repre- 
sent them, and then multiply these two fractions together; 
that is to say, first the numerators, and then the deno- 
minators; the number thence produced, will express the 
Concord resulting from the sum of the two concords given. 

Exam. x. Let it be required to add the fourth and fifth 

together;^ 

The expression for the fifth is |., and that for the fourth 
\ ; the product of these two is -^ i^ f, being the ex- 
pression for the octave. It is indeed well known that the 
octave is composed of a fifth and a fourth. 

Exam. ii. What is the eoncord arising fr^m the addition of 
the third major and the third minor f 

' The expression for the third major is f, and that of the 
third minor is -I, the product of which is -f^ or f, which 
expresses the fifth ; and this concord indeed is composed 
ûf a third m^or and a third minor. 

Exam. hi. What is the coiKord produced by the addition 

of two tones major ? 

À tone major is expressed by -I, consequently, to add 
two tones major, |. must be multiplied by $. The product 
|4 is a fraction less than |4 or ^, which expresses the third 
major ; hence it follows, that the concord expressed by |4 
is greater than the third major; and consequently two 
tones major ate more than a third major, or form a third 
major false by excess. 

On the other hand, by adding two tones minor, which 
are each expressed by -^y it will be found that their sum 
.,1^ is greater than -^^ or 4» M^hich denotes the third 
major : two tones minor therefore, added together, make 
more than a third major, This third indeed is composed 
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of a tone major and a toiie miadr, as may be proved by 
adding together the concords f and -f^ wUch make ^ = 
Aor$. 

It might be proved, in like manner, that two semi-4;ones 
tnajor make more than a tone major, and two semi-tones 
minor less even than a tone minor ; and, in the last plaee^ 
that a semi-tone major and a semi-tone minKur, make exactly 
a tone minor. 

PROBLEM If. 

To subtract cm concord from another. 

Instead of multiplyiiig together the fractions which ex- 
press the given concords, they must here be divided; tk 
invert that which expresses the concord to be subtracted 
from the other, and then multiply them together as before: 
the product will give ^ fraction expressing the 4iràtieiii| 
or concord required. 

Exam. i. What is the concord kvhkh results fhtm thtj^h 

subtracted from the octane f 

The expression of the octave is -J-, that of the fifth f, 
which inverted gives i ; and if f be multiplied by i, we 
shall have |, which expresses the fourth. 

Exam. ii. JVhat is the difference between the tone major 

and the tone minora 

The tone major is expressed by |, and the tone minor 
by T%, which when inverted gives y» ; the product of |. by 
V ^^ I4i which expresses the diflFerence between the tone 
major and the tone minor : this is what is called the great 
comma» 

PROBLEM III. 

To double a concord, or to multiply it any rmmber of timei 

at pleasure. 

In this case, nothing is necessary but to raise the terms 
of the fraction, which expresses the given concord^ to the 
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power denoted by the number of times it is to be multi- 
plied ; that is, to the square if it is to be doubled, to the 
cube if to be tripled, and so on. 

Thus, the concord arising from the tone major tripled is 
^if: for as the expression of the tone major is f , we ^hall 
iave 8 X 8 X 8 =s 512, and 9 X 9 x 9 = 729. Tbi^ con- 
•cord -j^ corresponds to the interval between ut and a^a 
higher thanyà sharp of the gammut. 

PROBLEM IV. 

To divide one concord by any number at pleasure^ or to find 
a concord which shall be the half, thirds t(c, of a given 
concord. 

To answer this problem, take the fraction which ex- 
presses the given concord, and extract that root of it which 
is denoted by the determinate divisor : that is to say, the 
square root if the concord is to be divided into two ; the 
cubeiroot^ if it is to be divided into three, &c ; and thb 
TOot will express the concord required. 

Example. — As the octave is expressed by ^, if the square 
root of it be extracted, it will give ^ nearly; but ^ is less 
than if and greater th^n f ; consequently the middle of 
the octave is between the fourth and the fifth, or very 
nearya sharp. 

ARTICLE VII. 

Of the resonance of sonerous bodies; the fundamental 
principle of harmony and melody; with some other har^ 
monical phenomena. 

EXPERIMENT I. 

If you listen to the sound of a bell, especially when very 
«grave, however indifferent your ear may be, you will 
easily distinguish, besides the principal sound, several 
others more acute ; but if you have an ear accustomed to 
appreciate the musical intervals, you will perceive that 
.one of ibese jnou«ds is tlie twelfth or fifth Above jdie octavei 

z2 
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and another the seventeenth major, or third major above 
the doable octave. If your ear be exceedingly delicate, 
you will distinguish also its octave, its double, and even 
its triple octave : the latter indeed are somewhat more 
difficult to be heard, because the octaves are almost con- 
founded with the fundamental sound, in consequence of 
that natural sensation which makes us confound the octave 
with unison. 

The same effect will be perceived if the bow of a 
violoncello be strongly rubbed agsdnst one of its large 
strings, or the string of a trumpet-marine. 

In shorty if you have an experienced ear, you will be 
^le to distinguish these different sounds, either in the 
resonance of a string, or in that of any other sonorous 
body, and even in the voice. 

Another metlu>d of making this experiment. 

Suspend a pair of tongs by a woollen or cotton cord, or 
any other kind of small string, and twisting the extremities 
of it around the fore finger of each hand,. put these two 
fingers into your ears. If the lower part of the itongs be 
then struck, you will first hear a loud and grave sound, 
like that of a large bell at a distance ; and this tone will be 
accompanied by several others more acute ; among which, 
when they begin to die away, you will distinguish the 
twelfth and the seventeenth of the lowest tone^ 

The truth of this phenomenon, in regard to the multi- 
plicity of sounds, is confirmed by another experiment, 
mentioned by Rameau, in his Harmonical generatmi. If 
you take, says he, those stops of the organ called bourdon, 
prestant or flute^ nazard and tierce, which form the octave, 
the twelfth and seventeenth major of the bourdon^ and if 
you draw out in succession each of the other stops, while 
the bourdon alone is sounding, you will hear their sounds 
successively mixed With each other ; you may even dis- 
tinguish them white they are all sounding together ; but if 
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you prelude for a moment, by way of amusement, on the 
same set of keys, and then return to the single key firs^ 
touched, you will think you hear only one tone, that of 
the bourdon, the gravest of all which corresponds to the 
sound of the whole system. 

Remark. — This experiment, respecting the resonance 
of sonorous bodies, is not new. It was known to Dr. 
Walhs, and to Mersenne, who speak of it in their works; 
but it appeared to them a simple phenomenon, with the 
consequences of which they were entirely unacquainted» 
Rameau first discovered its use in deducing from it all the 
rules of musical composition, which before had bçen 
founded on mere sentiment, and on experience, incapable 
of serving as a guide in all cases, and of accounting for 
every effect. It forms the basis of his theory of funda-» 
mental bass, a system which has been opposed with much 
declamation, but which however most musicians seem at 
present to have adopted. 

All vhis harmony then is multiple, and composed; of 
sounds which would be produced by the aliquot parts of 
the sonorous body ^, ^, j, j-, ^, and we might add ^, 4-» 8w>» 
But the weakness of these sounds, which go on always de- 
creasing in strength, renders it difficult to distinguish tbem^ 
Rameau however says that he could distinguish very plainly 
the sound expre&sed by -f, which is the doqble octave of a 
sound divided nearly into two, equal parts, being the inter-> 
val between la and si flat below the first octave : he calls 
it a lost sound, and totally excludes it from harmony. It 
would indeed be singularly discordant with all the other 
sounds given by the fundamental tone. ^ 

, We must however observe that the celebrated Tartini^ 
in regard to this sound, was not of the same opinion as 
Raipeau. Instead of calling it a lost sound, be maintains 
that it may be employed in melody as well as harmony; 
lie distinguishes it by the name of the seventh consoTiant* 
JBut we shall leave it to musicians to appreciate this idea of 
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Tartitii, whose celebrity in composition, as well As et^tù* 
tion, required a refutation of a different kind, from that 
to be found at the end of a work printed in 1757, entitled 
Htstmre de la Mtmque. 

EXPERIMENT II. 

If you tune several strings to the octave, to the twelfth, 
and to the seventeenth major, of the determinate sound 
emitted by another string, both ascending and descending ; 
as often as you make that which gives the determinate 
dound to resound strongly, and with continuance, you will 
immediately see all the rest put themselves in a state of vi- 
bration: you will even hear those sound which are tuned 
lower, if care be taken to damp suddenly, by means of a 
soft body, the sound of the former. 

Most persons have heard the glasses on a table soa^, 
when a person near them has been singing with a strong^ 
and a loud voice. The strings of an instrument, tjioogh 
not touched, are often heard to sound, in consequence 
of the same cause, especially after swelling notes long 
continued. 

This phenomenon arises^ no doubt^ from the vibrations 
of the air being communicated to the string, or to the s6^ 
norous body, elevated to the above tones : for it may be 
easily conceived that the vibrations of strings, tuned to 
Unison or to the octave, or to the twelfth, &c, of that put 
in motion, are disposed to recommence regularly, and at 
the same time as those of that string, one vibration corre- 
sponding to another, in the case of unison ; two to one, in the 
case of the octave ; or three to one in that of the twelfth î 
the small impulsions therefore of the vibrating air, pro- 
duced by the string put in motion, wilt always concur to 
increase those movements, at first insensible, which they 
have occasioned in the other strings ; because they Will 
take place in the same direction, and will at length render 
them sensible. Thus a gentle breath of air, eontinfred 



j^Iways io thç same direction, is at length a^lç to eleya^ç 
the waters of the oceaq. But when the strings in questioiy 
are stretched in such a. loanner, that their vibrations cai| 
have no correspondence with those of the string which \^ 
struck, they will in tl^is case be sometimes assisted an4 
sometimes opposed, and the sjinall movement which can bf 
communicated to them, will be annihilated as fooi^ a^ prpf 
duced^ consequently they will remain at rest* 

QUESTION. 

jDo the sounds heard with the principal sound derive then" 
source immediately from the sonorous bodj/^ or do tkey 
reside only in the air or the organe 

It is very probable that the principal (sound is |;he ppljr 
one that derives its origin immediately from the vibratipp^ 
of the sonorous body. Philosophers of eminence have ep? 
deavoured to discover whether, independently of the tot;^ 
vibrations made by the body, there are not also partial vi- 
(^rations ; but hitherto they have been able to observe oply 
simple vibrations. Be^des, how can it be conceived tba( 
the whole of a string should be in vibration, and that dur* 
ipg its motion it should divide itself into two or three parts 
th^t perform also their distinct vibrations ? 

It must then be said that these harmonical sounds of 
pctave, twelfth, seventeenth, &c, are in the air or thç 
organ: both suppositions are probable; for since a de« 
terminate sound has the property of putting into a statç 
ç^ vibration bodies disposed to give its octave, its twelfth^ 
&c, we must allow that this sound may put in motion thç 
participes of tl^ air susceptible of vibrations of double^ 
triple, quadruple, and quintuple velocity. What however 
appears most probable in this respect is, that these vibra* 
tions ezist^only in the ear : it seems indeed to be proved, 
hy ii\p j^u^o^y of this organ, that sound is tr;ansmitted ,to 
the soul Qply by tbe vU>rations of those nervous fibres which 
cover the interior part of the ear ; and as they are of dif« 
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^ ferent lengths, there are always àome of them which per* 
ibrm their vibrations isochronous to those of the given 
sound. But, at the same time, and in consequence of the 
property above mentioned, this sound niust put in motion 
those fibres which are susceptible of isochronous vibrations, 
and even those which can make vibrations of double, triple, 
Quadruple, &c, velocity. Such, in our opinion, is the most 
probable explanation that can be given pf this singular 
phenomenon. 

EXPERIMENT III. 

For this experiment we are indebted to the celebrated 
Tartini of Padua. If you draw from two instruments, at 
the same time, any two sounds whatever, you will hear in 
the air a third, which will be the more perceptible the 
nearer your ear is placed to the middle of the distance be- 
tween the two instruments. Let us suppose then, for ex- 
ample, two sounds which succeed each other in the order 
of consonances, as the octave and the twelfth, the double 
octave and the seventeenth major, &c ; the sound resulting, 
says Tartini, will be the octave of the principal sound. 

This experiment was repeated in France with the same 
success, ^s we are assured by M. Serres, in his Principes 
de VHarmonie^ printed in 1753 ; but with this exception, 
that M. Serres found the latter sound to be lower by an 
octave. As the octaves are easily confounded, this differ- 
ence needs excite no surprize. We must however here 
observe, that the celebrated musician of Padua, established 
on this phenomenon a system of harmony and composi- 
tion ; but it does not seem to have met with so favourt» 
able a reception as that of Rameau. 

ARTICLE VIII. 

Of the different systems of Music ; the Grecian and the 
Modçm^ together with their peculiarities^ 



§1. 

Of the Grecian Music. 

During the infancy of music among the Greeks, their 
Ijrre had four strings, the sounds of which would have cor- 
responded to siy tit, rey mi; but they afterwards added 
other three yi, sol, la. The first diatonic scale therefore- 
qf the Greeks, translated into our musical language, was 
si, ut, re y mi^fa, sol^ la, and was composed of two tetra* 
chords, or systems of four sounds, si, ut, re^ mi; mi^ fa, 
sol, his in which the last of the one and the first of the 
other were common, and on this account they were called 
conjunct tetrachords. 

We must here observe that, however singular this dis* 
position of sounds may appear to those who are acquaint-^ 
ed only with the modern diatonic order, it is no less 
natural and agreeable to the rules of harmony ; for Rameau 
has shown that it is nothing else than a chant, the funda- 
mental bass of which would be, sol, ut, sol, ut,fa, ut^fa. 
It possesses also the advantage of having only one altered 
interval, viz the third minor from re x.ofa, which, instead 
of being in the ratio of 5 to 6, is in that of 27 to 32 ; which 
is somewhat less, and consequently too low by a comma of 
from 80 to 81. 

But this perfection in the Grecian gammut was counter-, 
balanced by two great imperfections, viz 1st. that it did 
not complete the octave ; 2d. that it did not terminate by 
a rest, which leaves to the ear that kind of uneasiness re- 
sulting from a song begun and not finished. It could nei- 
ther ascend to si, nor descend to la; and therefore the 
musicians who, to complete the octave, added the latter 
note below, considered it to be foreign, as we may say, and 
eive it the name ot proslambanomenos. 

For. this reason they endeavoured to discover another 
remedy for this defect, and Pythagoras, as is said, pro* 
loosed the succession of Bounds mi, fa, sol, la^s si, ut, r^. 
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mif composed as it appears of two disjunct tdrachords. 
This diatonic scale is almost the same as ours, with this 
difference, that ours begins and ends with the tonic note, 
while the former begins and ends with the mediante» or 
third major. This termination, almost reprobated at pr^p. 
sent, was rery common among the Greeks, aod is still s^. 
in the chants or yocal music of our churches. 

But here, in consequence of the harmonie generatioii^ 
the values of the sounds and intervals are not the same 99 
in the first scale. In the first, the interval from sol to ht 
was a tone minor, in thejsecond it is a tone major* In thft 
last place, according to this second arrangement there an 
three intervals altered or false, viz the tierce major, from 
fato kty too high ; the tierce minor, from la to til, too 
low ; and the fifth, from la to mif too high. These are the 
same faults as those of our diatonic scale ; but tbe.tem* 
perament corrects them. 

To these sounds the Greeks afterwards added a codt 
junct tetrachord descending, si^ utj re^ mi, and anothor aa* 
cending, vn^/a, sol^ la ; by which they nearly supplied all 
the wants of melody, so far as it was confined to one tone. 
Ptolemy speaks of a combination, by means of which they 
joined the second primitive tetrachord to the first, lowers 
ing the si a semitone, which made si flat, ut, re^ mi. This, 
no doubt, answered the purpose wt^en they passed from 
the tone of ut to that of its lower fifth fa; a, transition 
common in the Grecian music, as well as in our church 
music ; for in that case a si fiat is required. Plutarch also 
speaks of a combination where the two last tetrachords 
were disjointed, by raising the^à a semi-totie, and that no 
doubt of its lower octave. Who does not here perceivie 
our^*, which is necessafy when we pass from the tone of 
ut to that of its upper fifth sol? The strings which ccMrre- 
sponded to si fiat and fa sharp, were 00 doubt merely 
added, and not substituted in the room of si and fa» 
It is weU known that in the Grecian music theie w€ce 
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three genera, viz, tbe diatonic, chromatic, and enharmonic. 
What has been hitherto said relates only to the diatonic. 

What characterises the enharmonic is, that it employs^ 
either ascending or descending, several semitones iff 
succession. The chromatic gammut of the Greeks was 
sif uty ut sharp, wit, fd^fa «harp, /a. .This disposition, 
by^which they passed immediately from ut sharp to thîJ 
omitting the te must no doubt appear very strange ; but 
it is certain that this was the gammut employed by the 
Greeks in the chromatic genus. It is however not known 
whether the Greeks had conjsiderable pieces of music of 
this kind, or ^vhether, like us, they employed it only in 
very short passages of cantatas ; for we also have a chro- 
matic kind, though in j^jdifferent acceptation. This tran- 
sition from semi-tones to semi-tones, is less natural than the 
diatonic succession ; but it has. more energy to express cer- 
tain peculiar sensations: the Italians therefore, who are 
great colorists in music, ma:ke frequent use of it in their airs. 

In regard to the enharmonic music of the Greeks, though 
considered by the ancients as the most perfect kind, it is 
to us still an enigma. To give some idea of it, let us as- 
sume the sign *, as that of the enharmonic diesis or sharp, 
which raises the note a quarter of a tone: the enharmonic 
scale then was 5i, «*, wf, ww', wi*,yâ, Za, where it appears 
that, after two fourths of a tone, from si to ut^ or from mi 
to yi, they proceed to mi or la. It can hardly be con- 
ceived how there could be ears so well exercised as to ap- 
preciate fourths of a tone, and even if we suppose that 
there were^ what modulation could they make with these 
sounds? It is however very certain that this kind of music 
was long held in high estimation in Greece ; but on ac- 
count <^ its difficulty it was at length abandoned, so that 
not even a fragment of Grecian music in the enharmonic 
kind fans been handed down to us ; nor any in the chro- 
matic, thbugh we have some in the diatonic. 

We must however here observe, that tlus enharmonic 
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music of the Greeks is not perhaps so remote from natmrè 
as has been hitherto supposed ; for does not Tartini, in 
proposing the use of his consonant seventh, which is nearly 
a mean sound between la and si ûaJt, pretend that this in- 
tonation, la, 5»**, si^y re, re, s^, si^^, la, is not only support- 
^able, but highly agreeable. Tartini does more ; for he as» 
signs to this succession the sounds of its bass, fa, ui, sol, 
sol, til, fa, marking ui with this sign b^, which signifies con- 
sonant seventh. If this pretension of Tartini should find 
partizans, may we not say that the enharmonic music of 
the Greeks has been revived ? 

It now remains that we should say a few words respect- 
ing the modes of the Grecian music. However obscure 
this matter may be, if we can believe the author of His» 
ioire des Mathématiques, who founds his ideas on certain 
tables of Ptolemy, these modes are nothing else than the 
tones of our music, and he gives the following comparison. 
The Dorian being taken hypothetically for the mode of 
ut, these modes, some lower than the Dorian and others 
higher, were: 

The Hypodorian • . . corresponding to sol 

The Hypophrygian la flat 

The Hypophrygian acutior .... & 
The Hypolydian or Hypo-œolian . . • si flat 

The Hopolydian acutior si 

The Dorian ut 

The lastian or Ionian ut sharp 

The Phrygian % . . re 

The^olian rd sharp 

The Lydian • mi 

The Hyperdorian ....... /i 

The Hyperiastian or Mixolydian , . fa sharp 

! The Re. 
first. 

But this question might be asked : If the diflerence of the 
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Grecian modes consisted in the greater or less height of 
the tone of the modulation, how can we explain, what is 
told us of the characters of these different modes, some of 
which excited fury, others appeased it, &c t There i^ reiu 
son therefore to think that they depended on something 
more ; and it is not improbable, that besides difference of 
tone, there was a character of modulation peculiar to ea^. 
The Phrygian, for example, which originated among a 
hardy and warlike people of that name, had a mascubne 
and warlike character, while the Lydian, which was de« 
rived from a soft and effeminate people, had an analogous 
character, and consequently was proper for calming the 
transports excited by the former. 

As we have here said enough respecting the Grecian 
music, we shall now proceed to the modem. 

%U. 
Of the Modem Music» 

Every person acquainted with music knows, that the 
gammut, or diatonic scale of the moderns, is represented 
by these sounds, ut^ re, mi, fa, sol, la, si, ut, which com- 
plete the whole extent of the octave^; and, we shall add, 
that from its generation, as explained by Rameau, it fol- 
lows that between u/ and r^, there is a tone major; from 
re to mi, a tone minor ; from mi to^b, a semitone major ; 
from^à to soNl tone major, as well as from sol to la; from 
la to 52 atone minor, and from si to ut a semitone major. 

|Ience it is concluded, that in this scale there are three 
intervals, which are not entirely just, viz, the third minor 
from re to fa, and indeed, being composed of a tone minor 
and. a semitone major, it is only in the ratio of 27 to 32, 

''f Of the seven notes in the French scale Ut, re, ntt'i fa, sol, la, «i, four 
only are generally used among us, as mf,/a, sol, la, which are applied to the 
scale in this order, /a, solf la, fa, sol, la, mi, fa, and express the natural 
ieries from C. It is of little consequence howerer which method be used; 
jthe principles still remain the same. 



850 MODBEN MUSIC. 

whkh k somewhat less^ viz, an 80th, than that of 5 to 6^ 
the just ratio of the sounds which compose the third minor« 

In Uke manner, the third major, from y2i to fa^ is too 
Ugh, being composed of two tones major, whereas it ought 
to be composed of a tone major and a tone minor, to 
be exactly in tbe ratio of 4 to 5. In the last place, the 
third minor, from la to ui, is also altered, and for the same 
season as that from re to fit. 

If this disposition of tones major and minor wore arbi- 
trary, they might no doubt be arranged in sueh a manner 
that fewer intervals should be altered ; it would be suflBbient 
for this purpose to make the tone from ut to re nûnor^ and 
that from re to mi major ; the tone from sol to la might also 
be made minor ,^ and that from la to si major. For it will 
be found, that by this method there would be no more than 
a single third altered ; whereas, according to the other dis- 
position, there are three. This circumstance has given 
rise to disputes among the musicians respecting the distri- 
bution of the tones minor and major ; some being deaurous, 
for example, that there should be a tone major between»^ 
and re, and others a tone minor^ The harmonic genera- 
tion of the diatonic scale, as exp]ained by Rameau, will not 
hou'ever allow this disposition, but only the former, which 
is that indicated by nature ; and notwithstanding its im- 
perfections, which the temperament corrects, in the exe- 
cution, it is preferable to the first of the Grecian scales, a 
scale very deficient, as it did not comprehend the whole 
extent of the octave ; it is superior also to the second, mt, 
fa, sal, SlCy ascribed to Pythagoras, because its desinence 
is more perfect, and conveys to the ear a rest, which is not 
in that of Pythagoras, on account of its fall on the tonic 
note, announced and preceded by the note si, the third of 
tbe fifth sol, the effect of which is so striking to our musical 
ears, that it has been distinguished by the name of the 
Sensible note. 

Two modes, properly so called, are known in music, 
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the chàitetef^ of ^hich are exceedingly ttriking to ean 
possessed of any tnusieal sensibility: these are the mtpêir 
rkode and the ininor mode. The major mode is, when m 
the diatonic scale the third of the tonic note is major ; 
such is the third from ut to mû The above gammaty or 
diatonic scale, therejfore is in the major mode. 

But if the third of the tonic note be minor, it indicatëfei 
the minor mode. This mode has its scale as well a» the 
major. Thus, for example, if we assume la as the tonic 
note, the scs^le of the minor mode ascending will be Ai, m, 
utf re y mi, fa, sol^, la. We here make use of the term 
ascending! because it is a singularity of the minor mode^ 
that its scale descending, is different from what it is as* 
tending ; and indeed in descending we ought to say kt^ 
sol, fa, vii, re, vi^ si, la. If the tone were in t//, the as- 
cending scale would be ut, re, mi^, fa, sol, Icfi, si, ut, and 
descending ut, si^^ la^, sol, fa, mi\ re, ut. Hence the 
reason why, in airs in the minor mode, we so often find, 
Without the tone being changed, accidental jSa/"^ or sharps^ 
or naturals, which soon destroy their effects or that ci 
those which are in the clef. This is one of those singu* 
larities, of the necessity of which the ear made musicians 
sensible: the cause of it however, which depends on the^ 
progress of the fundamental bass, was first explained by 
ÏUmeau. 

To these two modes shall we add a third, proposed by 
M. de Blainville, under the name of the mixed mode, the 
generation and properties of which he explains in his His» 
tory of Music ? His scale is mi, fa, sol, la, si, ut, re, mi. 
We shall here only observe, that musicians do not seem to 
have given a very favourable reception to this new mode, 
and we confess that we are not sufficiently versed in these 
matters to be able to decide whether they are right or 
wrong. But however this may be, the character of the 
major mode is sprightliness and gaiety ; while in the minor 
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mode there is lometbing gloomy and sad, wUch renders 
it peculiarly fitted for expressions of that kind. 

The modem music has its genera as well as the ancient. 
The diatonic is the most common ; and is that most agree- 
able to what is pointed out by nature ; but the modems 
have their chromatic also, and even in certain respects 
their enharmonic, though in a sense somewhat different 
from that assigned to these words by the ancients* 

The modulation is chromatic when several semitones are 
passed over in successioni^ as if we should say^, mt, iiit% 
r^ , or sol^ /a*, fa mi. It is very rare to have more than 
three or four semitones following each other in this man- 
ner ; yet in an air of the second act of la Zingara^ or the 
Gypsy, an Italian intermède^ there is a whole lower oc- 
tave almost from ut to re in consecutive semitones. It is 
the longest chromatic passage with which we are ao« 
quaiuted* 

Rameau finds the origin of this progression in the nature 
of the fundamental bass, which, instead of proceeding from 
fifth to fifth, which is its natural movement, proceeds from 
third to third. But it must here be remarked, that in the 
first passage from mi to mi^^ there ought strictly to be 
only a semitone minor, and from mi^^ to re a semitone 
major ; but the temperament and constitution of most in- 
struments, by confounding the re^ with mi^^ divide into 
equal parts the interval from re to wi", and the ear is af- 
fected by them exactly in the same manner, especially by 
means of the accompaniment. 

There are two enharmonic genera, the one called the 
diatonic enharmonic^ and the other the chromatic tnhar* 
monicy but they are very rarely employed by musicians. 
These genera are not so called because quarters of a tone 
are employed in them, as in the ancient enharmonic ; but 
because, from the progress of the fundamental bass, there 
result sounds, which, though taken one for the other, 
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really differ a quarter of a tone, called by the ancients en- 
faarmonicy or are in the ratio of 125 to 128. In the diatonic 
enharmonie, the fundamental bass goes on alternately by 
fifths and thirds, and in the chromatic enharmonic it goes 
on alternately by third major and minor. This progression 
introduces, both into the melody and the harmony, sounds 
which, belonging neither to tiie principal tone nor its rela- 
tives, convey astonishment to the ear, and a£fect it in a 
harsh and extraordinary manner, but which are proper for 
certain terrible and violent expre^ons. It was for this 
reason that Rameau employed the diatonic enharmonic in 
the trio of the Fates, in his opera of Hippolitus and Aricia ; 
and though he was not able to get it executed, he was 
firmly persuaded that it would have produced a powerful 
effect bad he found performers disposed to. fall into his 
ideas, so that he suffered it to remain in the partition 
which was printed. He mentions, as a piece of the en* 
harmonic kind, a scene of the Italian opera of Coriolano, 
beginning with these words, O imqtà Marmil which he 
says is admirable. Specimens of this genus are to be found 
also in two of Jhis own pieces for the harpsichord, the 
Triomphante and the Enharmonique^ and he did not de» 
spsMr of being* able to employ the chromatic enharmonio 
at least in symphonies. And why indeed might he not have 
done so, since Locatelli, in his first concertos, employed 
this genus, leaving the fiats and sharps to exist, and dis« 
tinguishing for example the re from mi^. This, says a 
modern historian pf music, M. de Blainville, is sT piece 
truly infernal, which throws the soul into a violent state of 
apprehension and terror. 

We cannot terminate this article better than by giving 
a few specimens of the music of different nations. For this 
purpose we have caused to be engraved , some Grecian, 
Persian, Chinese, Armenian and Tartar airs, which will 
serve to give an idea of the modulation that characterises 
the music of these people (plate 16). 

VOL. II. A K 
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ARTICLE IX. 

Musical Paradoxes. 

§1. 

It is impossible to intonate justly the following intervalsj sol, 
ut, la, re, sol ; that is to say^ the interval between sol and 
ut ascending^ that from ut to la re-descending from third 
minor ^ then ascending from fourth to re, and thai between 
re and sol descending from fifths and to make the seamd 
sol in unison with the first. 

It will be found indeed by calculation, that if the first 
sol be represented by 1, the u/, ascending from fourth, wiU 
be I ; consequently the /à, descending from thihl minor, 
will be -^ ; the re above then will be |^, and in the last 
place the sol^ descending from fifth, will be -|4. But the 
sound represented by -f-J» ^s lower than tliat represented by 
1, therefore the last sol is lower than the first. 

But how comes it that experience is contrary to this cal- 
culation ? In answer to this question we shall observe, that 
the difference arises merely from the remembrance of the 
first tone soL If the ear however were not affected by this 
tone, and if the performer's whole attention were directedt 
to the just intonation of the above intervals, it is evident 
that he would end with a lower sol. It therefore often 
happens that a voice, without an accompaniment, after 
having chanted a long air, in which several tones are pass- 
ed through, remains, in ending, Ifigher or lower than the 
tone by which it began. 

This arises from the necessary alteration of some inter- 
vals in the diatonic scale. In the preceding example, from 
la to uty there is only a third minor in the ratio of 27 to 
32, and not of 5 to 6 ; but it is the latter which is into- 
nated if the voice be true and well exercised; conse- 
quently the person who chants, lowers by a coimna more 
than is necessary, and therefore it b not astonishing that 
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the last sol should always be lower, by a comma, than the 
iirst. 

§11. 

Tn instrumenis constructed with keys^ such as the harpsi- 
chord^ it is impossible that the thirds and the fifths should 
be both Just. 

This may be easily demonstrated in the following man- 
iier.~Let there be a series of tones, fifths to each other as- 
cending, as ut, solf fe^ la, mi; iitit be denoted by 1, sol 
will be|., r^l^ia -y'y, ?iw*^.: this mi ought to form the 
third major with th@ double octane of i^ or ^^ that is to 
say they ought to be in the ratio of 1 tQ 4:, or of 5 to 4, or 
of 80 to 64 ; but this is iiot thecase, for ^ and fr are to 
each other as 81 to 64 : this mi therefore does not form the 
third major with the double octave of ut; or if both are 
lowered from the double octave, ut and mi are not thirds 
to each other j if mi is à just fifth to la. 

In instruments with keys then^ such as thé harpsichord, 

however well tuned, all the intervals, the octaves ejecepted, 

are either false or altered. This necessarily follows from 

the manner in which that instrument is tuned ; for when 

»aU the ufs are made octaves to each other, as they opght 

to be, the sol is made th(s fifth to t^, re the fifth to sol, and 

.the octave is lowered, because it is too high; la is then made 

the fifth to re, thus lowered, and mi the fifth to la, ^nd this 

mils lowered from octave. By continuing in this manner 

.to ascend twice from fifth, and then to descend from octave, 

the series of sounds si, fa , ut , sol^, re^yki^, mi^, «i* 

are obtained. But the latter si , which ought at most to 

be in unison with the ut, the octave of the firsts is found 

to be higher ; for calculation shows that it is express^ 

by IfilX ^, which is less than i the value of the octave of 

ut: this renders necessary what is called temperapient, 

which consist^ in lowering gently and equally all the fifths, 

jso that the latter si^ is found to be exactly the octave of 

A A â 
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the first ta. Such at least is the method taught by Ra- 
meaui and it is no doubt the most rational* Bat whatSercflr 
may be the method employed, it always consists in reject- 
ing in a more or less equal manner from the notes of the 
octave, this excess of si^ above ut, which cannot be donte 
without altering, in ^me measure, the fifths^ thirds, &c« 

We have just seen that the «*, given by the progires- 
non of fifths, is higher than ut; but if the foUowing pro- 
gression of thirds be employed, «/, mi, «rf*, «*, tins «♦ 
will be very different from the former ; for it will be foond 
that it is expressed by -j^^, while the octave of u/ is f . Biit 
i is less than ^, consequently this si* is bdow ui eÉ- 
pressed by ^, and the interval of these two sounds is ex- 
pressed by the ratio of 128 to 125, which is the fourth of 
the enharmonic tone. 

§ra. 

A lower note, for e:çimiple re, effected bjf a sharps is not (he 
âime thing as the higher note, mi, iffected hf aflat; ami 
the case is the same with other notes which are a whok 
tone distant from each other. 

The sharps are generally given by the major mode, and 
even-by the minor, provided the subtonic note is not dis-^ 
tant from the tonic more than a semitone major, as the 
si is from ut, in the tone of ut ; then, as from re to mi 
there is a tone minor, which is composed of a semitone 
major and a semitone minor, if we take away a semitone 
major, by which re ought to be lower than mi, the re- 
mainder will be a semitone minor, by which the same re 
ought to be higher than re. If the distance between the 
notes were a tone major, the sharp would raise the lower 
note by an interval equal to a semitone minor, plus a 
comma of 80 to 81, which is a mean semitone between the 
major and the minor. The note therefore is raised by the 
sharp only a mean semitone, or a semitone minor. 

Flats are generally introduced in modulation by the 
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Minor mode, when it is necessary to lower the note a third, 
so that it shall form with the tonic a third minor : im flat 
therefore ought to form with ut a third minor: conse- 
quently if from the third major ut mi, which is ^, we take 
the third minor, which is «I, the remainder ||. is the quan- 
tity which expresses how much the flat lowers the mi be* 
low the natural tone : mi flat then is higher than re sharp» 
In practice however the one is taken for the other, espe« 
cially in instruments constructed with keys: the flat in 
tiiese is lowered, and the sharp gradually raised, till they 
coincide with each other ; and we do not know whether 
practice would gain much by making a distinction between 
ikextu 

ABTICLE x« 

On the tause of the pleasure arising from music^-^The effects 

if it on man and on animals. 

It has often been asked, why two sounds, which form to 
each other the fifth and the third, excite pleasure, while 
the ear experiences a disagreeable sensation by hearing 
sounds which are no more than a tone or a semitone dis- 
tant from each other. Though it is difilcult to answer this 
question, the following observations may tend to throw 
some light on it. 

Pleasure, we are told, arises from th^ perception of re- 
lations, as may be proved by various examples taken from 
the arts. The pleasure therefore derived from music, 
consists in the perception of the relations of sounds. But 
are these relations sufficiently simple for the soul to per- 
ceive and distinguish their order? Sounds will please when 
heard together in a certain order ; but, on the other hand, 
they will displease if their relations are too complex, or if ^ 
they are absolutely destitute of order. 

This reasoning will be sufficiently proved by an enumera- 
tion of the known concords. In unison, the vibrations of 
two sounds continually coincide throughout the whole time 
of their duration; this is the simplest kind of relation. 
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Unison also is the first concord. In the octave, the twct 
sounds, of which it is composed, perform their vibrations 
in such a manner, that two of the one are completed in the 
same time as two of the other. Thus unison is succeeded 
by the octave. It is so natural to man, that hé who, through 
some defect in his voice, cannot reach a sound too grave 
or too acute, falls into the higher or lower octave. 

When the vibrations of two sounds are performed in 
such a manner, that three of the one correspond to one of 
the other, these give the simplest relation, next to those 
above mentioned. Who does not know, that the concord 
most agreeable to the ear is the twelfth, or the octave c£ 
the fifth ? In this respect it even surpasses the fifth, the 
ratio of which, a little more compounded, is that of 2 to 3. 

Next to the fifth is the double octave' of the third, or 
the seventeenth major, which is expressed by the ratio of 
1 to 3. This concord therefore, next to the twelfth, is the 
most agreeable ; and if it be lowered from the double oc- 
tave, to obtain the third, it will still be in consonance; the 
ratio of 4 to 5, by which it is then expressed, being very 

simple. 

In the last place, the fourth, expressed by ^, the third 

minor, expressed by -|^, and the sixths, both major and 

minor, expressed by \ and |, are concords, and for the 

same reason. 

But it appears that all the other sounds, after these re» 

lations, are too complex for the soul to perceive their 

order : of this kind are the intervals called the tone major 

and the tone minor, expressed by ^ and ^, and much 

more so the semitones major and minor, expressed by ^ 

and If. Such also are the concords of third and fifth, 

however little they may be altered ; for the third major, 

raised a comma, is expressed by |4 ; and the fifth dimi^ 

nished by the same quantity, has for its expression |-J : in 

the last place, the tritone, as from ut to Ju^, is one of the 

most disagreeable discords, and is expressed by H^ 
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The following very strong objection however may be 
made to this reasoning. How can the pleasure arising^ 
from concords consist in the perception of relations, since 
the soul often does not know whether such relations exist 
between the sounds i The most ignorant person is no less 
pleased with a harmonious concert than he who has calcU"* 
lated the relation of all its parts : what has hitherto been 
said may therefore be mo^e ingenious than solid. 

We cannot help acknowledging that we are rather in- 
clined to think so ; and it appears to us that the celebrated 
experiment on the resonance of sonorous bodies, may serve 
to account, in a still more plausible manner, for the plea- 
sure arising from concords ; because, as every sound de- 
generates into mere noise, when not accompanied by its 
twelfth and its seventeenth major, besides its octaves, is 
it not evident that, when we combine any sound with its 
twelfth or its seventeenth major, or with both at the same 
time, we ouly imitate the process of nature, by giving to 
that sound, in a fuller and more sensible manner, the ac- 
companiment which nature itself gives it, and which can- 
not fail to please the ear on account of the habit it has ac- 
quired of hearing them together ? This is so agreeable to 
truth, that there are only two primitive concords, the 
twelfth and the seventeenth major; and that the rest, as 
the fifth, the third major, the fourth, and the sixth, are de- 
rived from them. We know also that these two primitive 
eoncords are the most perfect of all, and that they form 
the most agreeable accompaniment that can be given to 
any sound ; though on the harpsichord, for example, to 
facilitate execution, the third major and the fifth itself, 
which with the octave form what is called perfect harmony, 
are substituted in their stead. But tbis harmony is perfect 
only by representation, and the most perfect of all would 
be that in which the twelfth and the seventeenth were com- 
bined with the fundamental sound and its octaves. Ra- 
meau therefore adopted it as often as he could in his 
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cbonisesy and poiticolarly id bb Fjgam&m. We wglil 
enlarge further on thb idea^ but what ha» been already 
said will be siiflicient for every intelligent reader. 

Some very extraordinary things are related in regard to 
the effects produced by the maûc of the ancients» which 
on account of their singularity we shall here mention. 
We shall then examine them more minately, and show 
that, in this respect, the modem mosic is not iitferior to 
the ancient. 

Agamemnon, it is said, when he set out on the expedi- 
tion against Troy, being desirous to secure the 6delity of 
his wife, left her under the care of a Dorian mu^cian, who 
by the effect of his airs rendered fruitless, for a long time, 
the attempts of ^gistbus to obtain her affection ; but that 
Prince having discovered the cause of her resistance, got 
the musician put to death, after which he triumphed with* 
out difficulty over the virtue of Clj^mnestra. 

We are told also that, at a later period, Py th^oras com-* 
posed songs or airs capable of curing the most violent pas* 
slons, and of recalling men to the paths of virtue and 
moderation : while the physician prescribes draughts for 
curing bodily diseases, an able musician might therefore 
prescribe an air for rooting out a vicious passion. 

The story of Timotheus, the director of the music of 
Alexander the Great, is well known.— One day, while the 
prince was at table, Timotheus performed an air in the 
Phrygian mode, which made such an impression on him 
that, being already heated with wine, he flew to his arms, 
and was going to attack his guests, had not Timotheus 
immediately changed the style of his performance to the 
Sub-Phrygian. This mode calmed the impetuous fury of 
the monarch, who resumed bis place at table. This was 
the same Timotheus who, at Sparta, experienced the 
huniiliation of seeing publicly suppressed four stringswhich 
he hud added to his lyre. The severe Spartans thought 
that tt)is innovation would tend to effeminate the manners. 
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by introducing a more extensive and more variegated kind 
of music. This at any rate proves that the Greeks were 
convinced that music bad a peculiar influence on manners; 
and that it was the duty of government to keep a watch- 
ful eye over that art. 

Who indeed can doubt that music is capable of pro- 
ducing such an effect ? Let us only interrogate ourselves, 
and examine what have been our Sensations on hearing a 
majestic or warlike piece of music, or a tender and pathetic 
air sung or played with expresmon. Who does not feel 
that the latter tends as much to melt the soul, and dispose 
it to pleasure, as the former to rouse and exalt it i Several 
£acts in regard to the modern music place it on a level in 
this respect with the ancient. 

The modern mu»c indeed has also had itsTimotheus, who 
could excite or calm, at his pleasure, the most impetuous 
emotions. Henry III. king of France, says le Journal de 
Sancy, having given a concert on occasion of the marriage 
of the Duke de Joyeuse, Claudin le Jeune, a celebrated 
musician of that period, executed certain, airs, which had 
such an effect on a young nobleman, that he drew his 
sword and challenged every one near him to combat ; but 
Claudin, equally prudent as Timotheus, instantly changed 
to an air, apparently Sub-Phrygian, which appeased the 
furious youth. 

But, what shall we say of Stradella, the celebrated com- 
poser, whose music made the daggers drop from the hands 
of his assassins i Stradella having carried off the mistress 
of a Venetian musician, and retired with her to Rome, the 
Venetian hired three desperadoes to assassinate him ) but 
fortunately for Stradella they luid an ear sensible to har- 
mony. These assassins, while waiting for a favourable 
opportunity to execute their purpose, entered the church 
of St. John de Latran, during the performance of an 
Oratorio composed by the person whom they intended to 
destroy, and were so affected by the music, that they 
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abandoned their design, and even waited on the nmnciaa 
to forewarn him of bis danger. Stradella however was 
not always so fortunate ; other assassins, who apparently 
had no ear for mnsic, stabbed him some time after at 
Genoa: this event took place about the year 1670. 

Every person almost has heard that music is a cure for 
the bite of the tarantula. This cure, which was formerly 
conndered as certain, has by some been contested : but^ 
however this may be. Father Schott, in his Musurgùi 
Curiosaj gives the tarantula air, which appears to be very 
dull, as well as that employed by the l^cilian fishermen to 
entice the thunny fish into their nets. 

Various anecdotes are related respecting persons whose 
lives have been preserved, by music efiectiog a sort of 
revolution in their constitutions. Â woman being attacked 
for several months with the vapours, and confined to her 
apartment, had resolved to starve herself to death: she 
was however prevailed on, but not without difiBculty, to 
see a representation of the Skrva Padrona^ at the con- 
clusion of which she found herself almost cured, and, re» 
nouncing her melancholy resolution^ was entirely restored 
to health by a few more representations of the like kind. 

There is a celebrated air in Swisserland, called Ranz des 
Fâches, whicli had such an extraordinary effect on the 
Swiss troops in the French service, that they always fell 
into a deep melancholy when they heard it: Louis xiv. 
therefore forbade it ever to be played in France, under 
the pain of a severe penalty. 'We are told also of a 
Scotch air {Lochaber no more) which has a similar effect 
on the natives of Scotland. 

Most animals, and even insects, are not insensible to 
the pleasure of music. There are few musicians perhaps 
who have not seen spiders suspend themselves bj' their 
threads in order to be near the instruments. We have 
several times had that satisfaction. We have seen a dog 
who, at an adagio of a sonata by Sennaliez, never failed 
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to ^ow signs of attention, and some peculiar sensation by 
howling. 

The most singular fact however is that mentioned by 
Bonnet, in his History of Music. This author relates that 
an officer, being shut up in the Bastille, had permission 
to carry with him a lute, on which he was an excellent 
performer ; but he had scarcely made use of it for three 
or four days, when the mice issuing from their holes, and 
the spiders suspending themselves from the ceiling by their 
threads, assembled around him to participate in his melody. 
His aversion to these animals made their visit at first dis* 
agreeable, and induced him to lay aside his recreation;, 
but he was soon so accustomed to them, that they became 
a source of amusement. We are informed by the same 
author, that be saw, in 1688, at the country seat of Lord 
Portland, the English ambassador in Holland, a gallery iu 
a stable, employed, as he was told, for giving a concert 
once a week to the horses, which seemed to be much 
affected by the music. This, it must be allowed, was 
carrying attention to horses to a very great length. But 
it is not improbable that this anecdote was told to Bonnet 
by some person, in order to make game of him* 

ARTICLE XI. 

Of the properties of certain instruments^ and particuhrh/ 

wind instruments. 

I. We are perfectly well acquainted with the manner 
in which stringed instruments emit their sounds; but 
erroneous ideas were long entertained in regard to wind 
instruments, such as the flute ; for the sound was ascribed 
to the interior surface of the tube. The celebrated Euler 
first rectified this error, and it results from his researches: 
«— ist. That the sound produced by a flute, is nothing else 
than that of the cylinder of air contained in it. — 2d. That 
the weight of the atmosphere which compresses it, acts 
the part of a stretching weight.->-3d. That the sound of 



364 MUSIGAI. XNflTBUMBNTS. 

this cylinder of air, is exactly the same as tUat wUch 
would be produced by a string of tbe same mass and lengthy 
extended by a weight equal to that which compressea the 
base of the cylinder. 

This fact is confirmed by experiment and calculation : 
for Euler found that a cylinder of air» of 7^ Rfainlandidi 
feet, at a time when the barometer is at a mean height» 
must give C— 5o^— u/ ; and such is nearly tbe length of 
the open pipe of an organ which emits that sound* The 
reason of its being made generally 8 feet is, because that 
length is required at those times when the weight of Uie 
atmosphere is greater. 

Since the weight of the atmosphere produces, in regard 
to the sounding cylinder of air, the same effect as that 
produced by the weight which stretches a string, the more 
that weight is increased, the more will the sound be ele- 
Tated ; it is therefore observed that during serene warm 
weather, the tone of wind instruments is raised ; and that 
during cold and stormy weather it is lowered. These 
instruments also emit a higher sound, in proportion as 
they are heated ; because the mass of the cylindefj)f heated 
air becoming less, while the weight of the atmosphere 
remains unchanged, the case is exactly the same as if a 
string should become less and be still stretched by the 
same weight: every body knows that such a string would 
emit a higher tone. 

But as stringed instruments must become lower, because 
the elasticity of the strings insensibly decreases, it thence 
follows that wind and stringed instruments, however well 
tuned they may be to each other, soon become discordant: 
for this reason the Italians never admit the former into 
their Orchestras. 

II. A very singular phenomenon is observed in regard 
to wind instruments, such as the flute and huntsman's horn: 
with a flute, for example, when all the holes are stopped, 
if you blow faintly into the mouth aperture, a certain tone 
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will be produced ; if you blow a little stronger, the tone 
instantly rises to the octave ; and by blowing successively 
with more force, you will produce the twelfth, or fifth 
above the octave ; then the double octave or seventeenth 
major. • 

The cause of this effect is the division of the cylinder 
of air contained in the instrument: when you breathe into 
the flute gently, the whole column resounds, and it emits 
the lowest tone ; but if yon endeavour, by a stronger in- 
spiration, to make it perform quicker vibrations, it divides 
itself into two parts, which perform their vibrations sepa^^ 
rately, and which consequently must give the octaves a 
still stronger inspiration makes the column divide itself 
into three portions, which give the twelfth, &c. 

IIL It remains for us to speak of the trumpet marine. 
This instrument is only a monochord of a singular con- 
struction, being composed of three boards that form a 
triangular body. It has a very long neck, and one thick 
string, mounted on a bridge, which is firm on the one sidei 
and tremulous on the other. It is struck by a bow with 
one hand, and with the other the string is stopped or 
pressed on the neck by means of the thumb, applied to 
the divisions indicated for the different tones. — The 
trembling of the bridge, when the string is struck, makes it 
imitate the sound of the trumpet ; and this it does to such 
perfection, that it is scarcely possible to distinguish the 
one from the other* Hence it had its name : but whereas 
in common stringed instruments the tone becomes lower 
as the part of the string struck is longer, the case here is 
the contrary; for if the half of the string, for example, 
gives u/, the two thirds give the sçl above, and the three 
fourths give the octave. 

M. Sauveur first assigned the reason of this singularity, 
and proved it in a sensible manner, by showing that when 
the string, by the gentle application of the finger, is 
^divided into two parts which arc to each other a»^ 1 to A« 
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whatever part be toacbed, the greater immediately divides 
itself into two equal portions, which consequently perform 
their vibrations in the same time, and give the same sound 
as the less. But the less being the third of the whole, and 
the two thirds of the half, it must give the fifth or sol 
when the half gives ut. In like manner, the three fourths 
of the string divide themselves into three portions, each 
equal to the remaining fourth, and as they perform their 
vibrations separately, they must emit the same sound, 
which can be only the octave of the half. The case is the 
same with the other sounds of the trumpet marine^ which 
may be easily explained on the same principle. 

ABTICLE XII. 

Of a fixed sound ; method of preserving and transmiitmg it. 

Before the effects of the temperature of the aU* on 
sound, and on the instruments by which it is produced, 
were known, this would not have formed the subject of a 
question, but to the few possessed of an ear exceedingly 
fine and delicate, and in which the remembrance of a tone 
is perfect : to others no doubt would remain that a flute, 
not altered, would always give the same tone. Such an 
opinion however would be erroneous, and if the means of 
transmitting to St. Domingo, for example, or to Quito, or 
only to posterity, the exact pitch of our opera were re- 
quired, to solve this problem would be attended with more 
difficulty than might at first be imagined. 

Notwithstanding what may be generally said in this re- 
spect, we shall here begin by a sort of paradox. It is every 
where said that the degree of the tone varies according 
to the weight of the atmospliere, or the height of the 
barometer. This we can by no means admit; and we 
flatter ourselves that we can prove the contrary. 

It has been demonstrated by the formulae of Euler, and 
no one entertains any doubt in regard to their truth, that 
if o represents the weight which compresses the column 
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of air in a flute, l the length of that column, and w its 
weight, the number of the vibrations it makes will be ex- 
pressed by iv/ — , that is to say, will be in the compound 

ratio of the square root of o, or the compressing weight 
taken directly, and the product of the length by the weight 
taken inversely. Let us suppose then that the length of 
the column of air put in vibration is invariable, and that 
the gravity of the atmosphere only, or g, is variable, as 
well as the weight of the vibrating column. In this case 
we shall have the number of the vibrations proportional to 

the expression y/—. But the density of any stratum of 

air being proportional to the whole weight of that part of 
the atmosphere immediately above it, it thence follows 
that w, which in equal lengths is as the density, is as g« 

The fraction ^ therefore is constantly the same, when 

difference of heat does not alter the density. The square 

root of — then is always the same ; consequently there 

will be no variation in the number of the vibrations, or in 
the tone, at whatever height in the atmosphere the instru« 
ment may be situated, or whatever be the gravity of the 
air, provided its temperature has not changed. 

This reasoning, in our opinion, is unanswerable ; and 
if the gravity of the air has hitherto been reckoned among 
those causes which alter the tone of wind instruments, it 
is because it has been implicitly believed that the weight 
of the column of air put in vibration is invariable. It is 
however evident that under the same temperature it must 
be more or less dense, according to the greater or less 
density of the atmosphere ; since it has a communication 
with the surrounding stratum of air, the density of which 
is proportional to that gravity. But the gravity in equsd 
volumes is proportional to the density; therefore, &c. 

Nothing then remains to be considered but the tempera- 
ture of the air, which is the only cause that can produce 
rariations in the tone of a wind instrument But whateyei: 
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may be the degree of heat or of cold, the tone might be 
fixed in the following manner. For this purpose provide 
an instrument, such as a German flute, the cylinder of air 
in which can be lengthened or shortened by moving the 
joints closer to or farther from each other; and have 
another so constructed, as to remain invariable, and which 
ought to be preserved in the same temperature, such as 
54 degrees of Fahrenheit's thermometer. The first flute 
being at the same degree of temperature, bring them both 
into perfect unison, and then heat the first to 74^ of 
Fahrenheit, which will necessarily communicate to the 
cylinder of àîf contained in î/t the same degree of beat^ 
and lengthen it by the quantity necessary to restore per- 
fect unison: it is evident that if this elongation were 
divided into 20 parts, each of them would represent the 
quantity by which the flute ought to be lengthened for 
each degree of Fahrenheit's thermometer. 

But it may be readily conceived that the quantity of 
this elongation, which at most would be but a few lines, 
could not be divided into so many parts ; and therefore it 
ought to be executed by the motion of a screw, that is to 
say one of the joints of the instrument should be screwed 
into the other ; for it would then be easy to make this 
elongation correspond to a whole revolution, and hence it 
might be divided /into a great number of equal parts. 

By these means the opera at Lima, if required, where 
the heat frequently rises to 110 of Fahrenheit's thermo* 
meter, might be made to have exactly the same pitch or 
tone as at Paris. But this is sufficient on a subject the 
utility of which would not be worth the trouble necessary 
for attaining to such a degree of precision. 

ARTICLE XIII. 

Singular application of music to a question in méchantes. 

This question was formerly proposed by Borelli ; and 
though we do not think that it can at present be a subject 
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of controversy, it has occasioned some difference of opinion 
among a certain class of mechanicians» 

Fasten a string at one end to a fixed point ; and having 
stretched it over a kind of bridge, suspend from it a weight, 
such as 10 pounds for example. 

Now if, instead of the fixed point, which maintains the 
string in its place in opposition to the action of the weight, 
a weight equal to the former be substituted, will the string 
in both cases be equally stretched ? 

We have no doubt that every well informed mechanician 
will readily believe that in both cases the tension will be 
the same; and this necessarily follows from the principle 
of equality between action and re-action. According to 
this principle, the immoveable point, which in the first 
case counteracts the weight suspended from the other end 
of the string, opposes to it a resistance exactly equal to 
the action which it exercises : if a weight equal to the 
' former be therefore substituted instead of the fixed point, 
every thing remains equal in regard to the tension ex« 
perienced by the parts of the string, and which tends to 
separate them. 

But music furnishes us with a method of proving this 
truth to the reason, by means of the sense of hearing ; for 
as the tone is not altered while the tension remains the 
same, nothing is necessary but to make the following ex« 
périment. Take two strings of the same metal, and the 
same size, and having fastened one of them by one end to 
a fixed point, stretch it over a bridge, so as to intercept 
between it and the fixed point a determinate length-, such 
as a foot for example ; and suspend from the other end of 
it a given weight, such as 10 pounds. Then extend the 
second string over two bridges, a foot distant from each 
other, and suspend from each extremity of it a weight of 
10 pounds ; if the tone of these two strings be the same, 
there will be reason to conclude that the tension also is the 
same. We do not know whether this experiment was evei: 

VOL. II. B B 
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made ; but we will venture to assert that it will decide in 
favour of equality of tension. 

This ingenious application of music to mecbanics, is 
the invention of Diderot, who proposed it in bis Mémoires 
sur différentes sujets de Mathématique et de Physigtie, 
printed at Paris in octavo in the year 1748. 

ARTICLE XIV. 

Some singular considerations in regard to thefts andskarps, 
and to their progression on their different tones. 

Those in the least acquainted with music know that^ 
according to the different keys employed in modulation, 
a certain number of sharps or flats are required ; because in 
the major mode, the diatonic scale, with whatever tone we 
begin, must be similar to that of ut^ which is the simplest 
of all, as it has neither sharp nor flat. These flats or sharps 
have a singular progress, which deserves to be observed ; 
it is even susceptible of a sort of analysis, and as we may 
say algebraic calculation. 

To give some idea of it, we shall first remark, that a flat 
may and ought to be considered as a negative sharp, since 
its eflect is to lower the note a semitone, whereas the sharp 
raises it the same quantity. This consideration alone may 
serve to determine all the sharps and flats of the different 
tones. 

It may be readily seen that when a melody in ut major 
is raised a fifth, or brought to the tone of sol, a sharp is 
required on the/a. It may therefore be thence concluded, 
that this modulation, lowered a fifth or brought to^a, will 
require a flat ; and indeed one is required on the si. 

It hence follows also, that if the air be raised another 
fifth, that is to say to re^ one sharp more will be required; 
and this is the reason why two are necessary. But to rise 
two fifths, and then descend an octave to approach the 
primitive tone, is to rise only one tone ; consequently to 
raise the air one tone, two sharps must be added. The 
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tone of re indeed requires two sharps^ and for the same 
reason the tone of mi requires four^ 

The tone otfa requires one flat^ and that of mi requires 
four sharps ; therefore, when ^ air is raised a semitone, 
five flats must be added \ for, a flat being a negative sharp, 
it is evident that such a number of flats must be added to 
the four sharps of ttm', as shall efface these four sharps, and 
leave one flat remaining; which cannot be done but by 
five flats, for, according to the language of analysis, — 5x 
must be added to 4a:, to leave as remainder-*— or. For the 
same reason, if the modulation be lowered a semitone^ five 
sharps must be added : thus, as the tone of ut has neither 
sharps nor flats, five sharps will-be found necessary for si^ 
which is indeed the case. If the modulation be still 
lowered a tone, to be in la^ we must add two flats, in the 
same manner as two sharps are added when we rise a tone. 
But five sharps plus two flats, is the same thing as five 
sharps mitlus two sharps, or three sharps. We still find 
therefore, by this method, that the tone of la requires three 
sharps. 

But, before we proceed farther, it will be necessary to 
observe, that all the chromatic tones, that is to say all 
those inserted between the tones of the natural diatonic 
scale, may be considered as sharps or flats ; for it is evident 
that u^ or re^ are the same thing. It is very singular 
however, that according as this note is considered an in- 
ferior one aflected by a sharp, or a superior one affected 
by a flat, the number of sharps required by the tone of the 
first, uf^^ for example, and that of the flats required by 
the tone of the second, re^j always make 12; which 
. evidently arises firom the division of the octave into l€ 
semitones : therefore, since reb, as above shown, requires 
five flats, if, instead of this tone, we consider it as ut^^ 
seven sharps will be required ; but for the facility of exe« 
cution it is much better, in the present case, to consider 
f his tone as re^^ than ut^. 

B B 2 
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This changé therefore ought always to be made when 
the number of the sharps exceeds six ; so that^ since ten 
sharps, for example, would be found in the tone oîUfi^ we 
must call it si^y and we shall have for that totie two flats, 
because two flats are the complement of ten sharps. On 
the other hand, in following the progression of the semi- 
tones descending, if we should find à greater number of 
sharps than 12, we ought to reject IS, and the remiainder 
will be that of the tone proposed : for example, as ut has 
neither sharp nor flat, we have five sharps for the lower 
tone si; ten sharps for the semitone below Uj^ ; fifteen 
sharps for the still lower semitone la: if twelve sharps 
therefore be rejected, there will remain three, which are 
indeed the number of sharps necessary in the tone of A— 

The toneof scit^ ought to have 8 or 4 flats, if we call it Ui^. 

The tone of sol will have 13 sharps, from which if 12 be 
deducted, one sharp will remain, as is well known. 

The tone of/a^ will have 6 sharps, or 6 flats, if we call 
it sol^. 

The tone^à ought to have 6 flats plus 5 sharps ; that is, 
1 flat, as the 5 sharps destroy the same number of flats. 

That of mi will have 1 flat plus 5 sharps ; that is 4 
sharps, as the flat destroys one of them. 

That of re^ will have 9 sharps or S flats, if it be con- 
Mdered as mtb. 

That of re will have 14 sharps ; that is to say f , by re- 
jecting 12, or 3 flats plus 5 sharps = 2 sharps. 

That of ut will have 7 sharps, or 5 flats, if we call it ré^. 

In the last place, the tone ut natural will have 12 sharps; 
that is, none, or 5 flats plus 5 sharps, which destroy each 
other. 

The very same results would be obtained in ascending 
by semitone after semitone from ut^ and adding 5 flats for 
each; taking care to reject 12 when they exceed that 
number. Our readers, by way of amusement, may make 
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the calculation. By calculating the number of the semi* 
tones, either ascending or descending, we might in like 
manner find that of the sharps or flats of any tone given. 

Let us take, for example, that oî fa^ : from ut ascend- 
ing there are six semitones, an^ six times 5 flats makes 30 
flats; from which if we deduct 24, a multiple of 12, the 
remainder will be 6 : sot^ therefore will have 6 flats. 

The same fa is 6 tones lower than ut ; consequently 
there must be 6 times 5 or 30 sharps ; from which if 24 
be deducted, 6 sharps will remain, as we have found by 
another method. 

The tone of sol is 5 semitones lower than ut; conse- 
quently there must be 5 times 5, or 25 sharps ; from which 
if 2é be deducted, there will remain only one sharp. 

As the same tone is 7 semitones higher than u/, there 
must be 7 times 5 or ^S flats ; from which if 24 be de- 
ducted, the remainder will be 1 1 flats, that is, one sharp. 

This progression appeared to us so curious as to be 
worthy of this notice'; but in order that it may be ex- 
hibited under a clearer and more favourable point of view, 
we shall form it into a table, which will at any rate be 
useful to those who are beginning to play on the harpsi- 
chord. For this purpose we shall present each chromatic 
. note as flattened or sharpened, and on the left of the 
former we shall mark the sharps it requires, and the flats 
on the right of the latter. 

sharp . • . uf^ ... flats 

7 sharps . «(* or r^* . 5 flats 
2 sharps . • • ré^ • • • 

9 sharps . r«* or m%^ . 3 flats 

4 sharps . • . mi* . . • 

11 sharps • ., . fa* ... 1 flat 

6 sharps . /a* or 5o/*»* . 6 flats 

1 sharp • • • sol* . • • 

8 dpMps . sol*^ or kf** . 4 flats 
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3 sharps . . • la* ... 

10 sharps . la* or si^* . 2 flats 

5 sharps . • . 51* . ; . 

sharp . . . ut* ... flat 

Of these tones, we have marked those usually employed 
with a ♦ ; for it may be easily couceived that by employ- 
ing re* under this form^ we should have 9 sharps, which 
would give two notes with double sharps, viz fa**, ui**; 
so that the gamut would be re* mi*^ or fa^ fa**, or sol^ 
sol* J la* y si* or uty ut^ or re, re* ; which it would be 
exceedingly difficult to execute : but by taking mi^, in- 
stead of re* y we have only 3 flats, which renders the 
gamut much simpler, as it then becomes 

mi^yfay soly la^y si*, ut, re, wii**. 

We are almost inclined to ask pardon of our readers for 
having amused them with this frivolous speculation j but 
we hope the titlç of our work will plead our excuse. 

ABTicLE xy. 

Method of improving barrel-instruments y and of making 
them ft to execute airs of every kind. 

The mechanism of that instrument, called the barrel 
organ, is well known. It consists of a great number of 
pipes, graduated according to the tones and semitones of 
the octave, or at least those semitones which the progress 
of modulation in general requires. But these pipes never 
sound except when the wind of a bellows, kept in con- 
tinual action, is made to penetrate to them by means of a 
valve. This valve is shut by a spring, and opened when 
necessary by a small lever, raised by spikes implanted in 
a wooden cylinder, which is put in motion by a crank. 
The crank serves also to move the bellows, which must 
continually furnish the air, destined to produce the difler- 
ent sounds by its introduction into the pipes. 

p.if in order that the subject of this article may bo 
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properly comprehended, it will be necessary that the 
reader should have a perfect idea of the manner in which 
the notes are arranged on the cylinder. 

The different small levers, which must be raised to pro* 
duce the different tones, being placed at a certain distance 
from each other, that of half an inch for example, circulai^ 
lines are traced out at that distance on the cylinder. One 
of these lines is intended for receiving the spikes that pro^ 
duce the sound ut^ the next for those that sound ut^^ the 
next for those that give re, and so on. There are as 
many lines of this kind as there are pipes ; but it may be 
easily conceived that the duration of an air or tune cannot 
exceed one revolution of the cylinder. 

Let us suppose then that the air consists of 12 measures. 
Each of these circumferences is divided into 12 equal 
parts at least, by 12 lines drawn parallel to the axis of the 
cylinder ; and if we suppose that the shortest note of the 
air is a quaver, and that the air is in triple time, denoted 
by |-, each interval must be divided into six equal portions; 
i>ecause, in this case, a measure will contain six quavers. 
Let us now suppose that the first notes of the air are la. 
Ht, siy re, ut, mi, re, 8cc, all equal notes, and all simple 
crotchets. At the beginning of the line for receiving the 
la, and of the first measure, a spike must be placed of 
such a construction, as to keep raised up during the third 
of a measure the small lever that makes the la sound ; 
then, in the line destined for the ut, at the end of the 
second division or beginning of the third, a spike similar 
to the first must be fixed in the cylinder ; and in the line 
destined for the si, another of the same kind must be 
placed ; it is evident that, when the cylinder begins to 
turn, the first spike will make la sound during the third of 
a measure. The second, as soon as the first third of the 
measure is elapsed, will catch the lever and make k/ 
sound ; and the third will in like manner make si sound 
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during the last third. The instrument therefore will say 
la, utf sty &c. 

If, instead of three crotchets, theije were six quavers, 
which in this measure are the first long, the second short, 
the third long, and so on alternately, which are called 
dotted quavers, it may be easily perceived that after the 
spikes of the first, third, and fifth notes, have been fixed 
in the respective places of the division where they ought 
to be, nothing will be necessary but to take care that the 
spike of the first quaver, which in this time ought to be 
equal to a quaver and a half, shall have its head constructed 
in such a manner as to raise the lever during one part and 
a half of the six divisions into which the measure is divided ; 
which may be done by giving it a tail behind of the neces- 
sary length. In regard to the short quavers, the spikes 
representing them ought to be removed back half a di- 
vision, and to be formed in such a manner, as to keep the 
lever corresponding to them raised up only during the re- 
volution of a semidivision of the cylinder. By these ex- 
amples it may be easily seen what must be done in the 
other cases, that is, when the notes have other values. 

Were the cylinder immoveable in the direction of its 
axis, only one air could be performed ; but as the spikes 
move the small levers merely by touching them beneath 
in a very narrow space, such as the breadth of a line at 
most, which is a mechanism that may be easily conceived, 
it will be readily seen that by giving to the cylinder the 
small lateral motion of a line, none of the spikes can com- 
municate motion to the levers. Another line therefore, to 
receive spikes arranged so as to produce a different air, 
may be drawn close to each of the first set of lines, and 
the number of the different sets of lines may be six or 
seven, according to the interval between the first lines, 
which is the same as that between the middle of one pipe 
and the middle of the neighbouring one : by these means. 
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if the cylinder be moved a little in the direction of its axis 
the air may be changed. 

Such is the mechanism of the hand or barrel organ, and 
other instruments constructed on the same principle; but 
it may be easily seen that they are attended with this in* 
convenience, that they can perform only a very small 
number of airs. But as a series of five, six, eight, or a 
dozen of tunes, is soon exhausted, it might be a matter of 
some importance to discover a method by which they 
might be changed at pleasure. 

We agree in opinion with Diderot, who has given scHne 
observations on this subject, in the work above quoted^ 
that this purpose might be answered by constructing the 
cylinder in the following manner. Let it be composed of 
a piece of solid wood, covered with a very hard cushion, 
and let the whole be pushed into a hollow cyUnder, of 
about a line in thickness. On this inner cylinder draw the 
lines destined to receive the spikes, placed at the proper 
intervals for producing the different tones ; and let holes 
be pierced in these lines at certain distances, six for ex- 
ample in each division of the measure if it be triple time, 
or eight in the measure if it be common time, denoted by 
c : we here suppose that no air is to be set that has shorter 
notes than plane quavers. Twelve holes per measure will 
be required in the first case, and sixteen in the second, if 
the air contains semi-quavers. 

It may now be readily conceived that on a cylinder of 
this kind any air whatever might be set ; nothing will be 
necessary for this purpose, but to thrust into the holes of 
the exterior cylinder spikes of the proper length, taking 
care to arrange them as above explained ; they will be suf- 
ficiently firm in their places in consequence of the elas- 
ticity of the cushion*, strongly compressed between the 
inner cylinder and the hollow outer one. When the air 

^ Might not cork be employed instead of the cushion here proposed I 
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is to be daagedy tbe spikes nay be drawn out, and pot 
into a box dÎTÎded into small cells, in the same manner as 
printiiig Qrpes vben distiibiited in tbe cases. The interior 
cylinder any then be made to revolve a little, in order to 
aeparate the boles in the coshkm from those in the exterior 
cybnder, and a new air may then be set with as much fa* 
cibty as tbe former. 

We shall not examine, with Diderot, all the advantages 
of such an instrument, because it must be allowed tba^ it 
never can he of much utility, and will have no value in 
the eyes of the musician. It is however certain that it 
«onld be agreeable, for those who possess such instru- 
ments, to be able to give more variety to the airs they are^ 
capable of performing ; amd this end would be answered 
by the construction here described, 

ABTICLB XYI. 

Of same musical instrumtnts or machines remarkable for 
their singularity or construction. 

At the head of all these musical instruments, or ma-^ 
chines, we ought doubtless to place the organ ; the extent 
and variety of the tones of which would excite much more 
admiration, were it not so common in our churches ; for, 
besides the artifice necessary to produce the tones by means 
of keysy what ingenuity must have been required to con- 
trive mechanism for giving that variety of character to the 
tones, which is obtained by means of the different stops, 
such as those called the voice stop, flute stop, &c ? A com- 
plete description therefore of an organ, and of its con- 
struction, would be sufficient to occupy a large volume. 

The ancients had hydraulic organs, that is, organs the 
sound of which was occasioned by air produced by the 
motion of water. These machines were invented by 
Ctesibius of Alexandria, and his scholar Hero. From the 
description of these hydraulic organs, given by Vitruvius, 
in the tenth book of bis Architecture, Perrault constructed 
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one which he deposited in the King's library, where the 
Royal Academy of Sciences held their sittings. This in- 
strument indeed is not to be compared to the modern 
organs ; but it h evident that the mechanism of it has^ 
served as a basis for that of ours. St. Jerome speaks with 
enthusiasm of an organ which had twelve pair of bellows, 
and which could be heard at the distance of a mile. It 
thence appears that the method employed by Ctesibius, to 
produce air to fill the wind-box, was soon laid aside, for 
one more simple ; that is, for a pair of bellows. 

The performer on the tambour de basque, and the au- 
tomaton flute-player of Vaucanson, which were exhibited 
and seen with admiration in most parts of Europe, in the 
year 1749, may be classed among the most curious musical 
machines ever invented. We shall not however say any 
thing of the former of these machines, because the latter 
appears to have been far more complex. 

The automaton flute-player performed several airs on 
the flute, with the precision and correctness of the most 
expert musician. It held the flute in the usual manner, 
and produced the tone by means of its mouth ; while its 
fingers applied on the holes produced the diflerent notesw 
It is well known bow the fingers might be raised by spikes 
fixed in a cylinder, so as to produce these sounds; but it 
is difficult to conceive how that part could be executed 
which ià performed by the tongue, and without which the 
music would be very defective. Vaucanson indeed con- 
fesses that this motion in his machine was that which cost 
him the greatest labour. Those desirous of farther informa- 
tion on this subject may consult a small work, in quarto/ 
which Vaucanson published respecting these machines. 

A 'very convenient instrument for composers was in- 
vented some years ago in Germany : it consists of a harp- 
sichord which, by certain machinery added to it^ notes 
dowti any air or piece of music, while a person is playing 
it. This is a great advantage to composers, as it enables 
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them» when hurried away by the fervour of their imagina^ 
tioo^ to preserve what has successively received from their 
fingers a fleeting existence, and what otherwise it would 
(rften be impossible for them to remember. A descrip» 
tion of this machine may be found in the memoirs of the 
Academy of Berlin, for the year 1773. 

ABTICLE XVII. 

Of a nrw instrument called the Harmmdca. 

This new instrument was invented in America by Dr. 
Franklin, who gave a description of it to Father Beccaria, 
which the latter published in his works, printed in 1773. 

It is well known that when the finger a little mobtened 
is rubbed against the edge of a drinking glass, a sweet 
sound is produced ; and that the tone varies according to 
the form, size, and thickness of the glass. The tone may 
be raised or lowered also by putting into the glass a greater 
or less quantity of water. Dr. Franklin says that an Irish- 
man, named Puckeridge, first conceived the idea, about 
twenty years before that time, of constructing an instru* 
ment with seyeral glasses of this kind» adjusted to the vari- 
ous tones, and fixed to a stand in such a manner, that dif- 
ferent airs could be played upon them. Mr. Puckeridge 
having been afterwards burnt in his house along with this 
instrument, Mr. Délavai constructed another of the same 
kind, .with glasses better chosen^ which he applied to the 
like purpose. Dr. Franklin hearing this instrument, was 
so delighted with the sweetness of its tones, that he en- 
deavoured to improve it; and the result of his researches 
was the instrument which we are now going to describe. 

Cause to be blown on purpose glasses of diflerent sizes, 
and of a form nearly hemispherical, having each in the 
middle an open neck. The thickness of the glass, near 
the edge, should be at most one tenth of an inch, and ought 
to increase gradually to the neck, which in the largest 
glasses should be an inch in length, and an inch and a half 
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in breadth in the inside. In regard to the dimensions of 
the glasses themselves, the largest may be about 9 inches 
in diameter at the mouth, and the least 3 inches, each glass 
decreasing in size a quarter of an inch. It will be proper 
to have five or six of the same diameter, in order that they 
may be more easily tuned to the proper tones ; for a very* 
slight diflerence will be sufficient to make them vary a 
tone, and even a third. 

When these arrangements are made, try the different 
glasses, in order to form of them a series of three or four 
chromatic octaves. To elevate the tone, the edge towards 
the neck ought to be ground, trying them every moment, 
for if they be raised too high, it will afterwards be impos- 
sible to lower them. 

When the glasses have been thus graduated, they must 
be arranged on a common axis. For this purpose, put a 
cork stopper very closely into the neck of each^ so as to 
project from it about half an inch ; then make a hole of a 
proper size in all these corks, and thrust into them an iron 
axis, but not with too much force, otherwise the necks 
might burst. Care must also be taken to place the glasses 
in such a manner, that their edges may be about an inch 
distant from each other, which is nearly the distance be- 
tween the middle of the keys of a harpsichord. 

To one of the extremities of the axis affix a wheel of 
about 18 inches in diameter, loaded with a weight of from 
£0 to 25 pounds, that it may retain for some time the mo- 
tion communicated to it. This wheel, which must be 
turned by the same mechanism as that employed to turn a 
spinning wheel, communicates, as it revcflves, its motion 
to the axis, which rests in two collars, one at the extremity 
and the other at some distance from the wheel. The 
whole may be fitted into a box of the proper form, placed 
on a firame supported by four feet. The glasses corre- 
sponding to the seven tones of the diatonic octave, may 
be painted of the seven prismatic colours in their natural 
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order, that tbe difiPerent tones to which they correspond 
may be more readily distinguished. 

The person who plays on this instrument, is seated be- 
fore the row of glasses, as if before the keys of a harpsi- 
chord^ the glasses are slightly moistened, and the wheel 
being made to revolve, communicates the same motion to 
the glasses ; the fingers are then applied to the edges of 
the glasses, and the different sounds are by these means 
produced. It may be easily seen that different parts can 
be executed with this instrument, as with the harpsichord. 

About fourteen or fifteen years ago, an English lady at 
Paris performed, it is said, exceedingly well on this instru- 
ment. The sounds it emits are remarkably sweet,- and 
would be very proper as an accompaniment to certain 
tender and pathetic airs. It is attended with one advan* 
tage, which is, that the sounds can be msdntained or pro- 
longed, and made to swell at pleasure ; and the instrument, 
when once tuned, never requires to be altered. It afforded 
great satisfaction to many amateurs ; but we have heard 
that the sound, on account of its great sweetness, became 
at last somewhat insipid, and for this reason perhaps it is 
now laid aside, and confined to cabinets, among other 
musical curiosities. 

A few years ago Dr. Chladni, who has made various re- 
searches respecting the theory of sound, and the vibrations 
of sonorous bodies*, invented a new instrument of this 
kind, to which he gave the name of euphon. This instru- 
ment has some resemblance to a small writing desk, and 
contains in the inside 40 glass tubes of different colours, 
of the thickness of the barrel of a quill, and about 16 inches 
in length. They are wetted with water by means of a 
sponge, and stroked with the fingers in the direction of 
their length; so that the increase of the tone depends 



• He published a work on this subject entitled, EfUdeckungen uber àU 
Théorie des Kianges» Leipsic 1787. 4to. 
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merely on the stronger or weaker pressure, and the slower 
or quicker movement of the fingers. In the back part there 
is a perpendicular sounding board, through which the 
tubes pass. In sweetness of sound this instrument ap-* 
proaches near to the harmonica ; but seems to be attended 
with advantages which the other does not possess. 

1st. It is simpler, both in regard to its construction, and 
the movement necessary to produce the sound ; as neither 
turning nor stopping is required, but merely the motion 
of the finger.^— 2d. It produces its sound speedier; so that 
as soon as touched the tone may be made as full as the in* 
strument is capable of giving it : whereas in the harmonica 
the tones, and particularly the lower ones, must be made to 
increase gradually. — 3d. It has more distinctness in quick 
passages, because the tones do not resound so long as in 
the harmonica, where the sound of one low tone is often 
heard when you wish only to hear the following one.— - 
4th. The unison is purer than is generally the case in the 
harmonica; where it is difficult to have perfect glasses^ 
which in every part give like tones with mathematioal ex- 
actness. It is however as difficult to be tuned as the faar« 
monica.— -5th. It does not affect the nerves of the per« 
former ; for a person scarcely feels a weak agitation in the 
fingers ; whereas in the harmonica, particularly in con« 
cords of the lower notes, the agitation extends to the arms, 
and even through the whole body of the performer. — 6th. 
The expense of this instrument will be much less than that 
of the harmonica.— 7th. When one of the tubes breaks, or 
any other part is deranged, it can be easily repaired : 
whereas when one of the glasses of the harmonica breaks, 
it requires much time, and is difficult to procure another 
capable of giving the same tone as the former, and which 
will correspond sufficiently with the rest. 

For farther particulars respecting this instrument, and 
the history of its invention, see The Philosophical Maga» 
zinc, n% 8, or vol. 2, p. 391. 
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ABTICLE XVIII. 

Of some singular ideas in regard to music. 

1st. One perhaps woald scarcely believe it possible for 
a person to compose an air, though entirely ignorant of 
music, or at least of composition. This secret however 
was published a few years ago, in a small work entitled 
Le Jeu de Dez harmonique^ or Ludus Melothedicus, con- 
taining various calculations, by means of which any per- 
son^ even ignorant of music, may compose minuets, ivith 
the accompaniment of a bass. 8vo. Paris 1757. In this 
work the author shows how a minuet and its bass may be 
composed, according to the points thrown with two dice, 
by means of certain tables. 

This author gives a method also of performing the same 
thing by means of a pack of cards. We do not remember 
the title of this work ^ and we confess that we ought to 
attach no more importance to it than the author does 
himself. 

W^ shall therefore content ourselves with having men- 
tioned works to which the reader may have recourse, for 
information respecting this kind of amusement, the com* 
bination of which must have cost more labour than the sub- 
ject deserved. We shall however observe, that this author 
published another work entitled. Invention d'une Manu^ 
facture et Fabrique de Vers au petit metier ^ &c. 8vo. 1759, 
in which he taught a method of answering, in Latin verse, 
by means of two dice and certain tables, any question pro- 
posed. This, it must be confessed, was expending much 
labour to little purpose. 

12d. A physician of Lorrain some years ago, published a 
small treatise, in which he employed music in determining 
the state of the pulse. He represented the beats of a 
regular pulse by minuet time, and those of the other kinds 
of pulse by different measures, more or less accelerated. 
If this method of medical practice should be introduced, it 
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will be a curious spectacle to see a disciple of Hippocrates 
feeling the pulse of bis patient by the spund of an instru- 
ment, and trying airs analogous by their time to the mo- 
tion of his pulse, in order to discover its quality. If all 
other diseases should baffle the physician^s skill, there is 
reason to believe that low spirits will not be able to with- 
stand such a practice. 

ABTICLB XIX» 

On the Fautes formed by Sand and other light Substances 

on Vibrating Surfaces. 

Dr. Chladni of Wittenberg, by his experiments on vi- 
brating surfaces, published in 1787, opened a new field in 
this department of science, viz, the consideration of the 
curves formed by sand and other light bodies, on surfaces 
put into a state of motion. As this subject is curious, and 
seems worthy of farther research, we shall present the 
reader with a few observations on the method of repeating 
diese experiments, taken from Gren's Journal of Natural 
Philosophy, vol. 3*. 

Vibration figures, as they are called, are produced on 
Tibrating surfaces, because some parts of these surfaces 
are at rest, and others in motion. The surfaces fittest for 
being made to vibrate, are panes of glass ; though the ex- 
periments will succeed equally well with plates of metal, 
or pieces of board, a line or two in thickness. If the sur- 
fece of any of these bodies be strewed over with substances 
easily put in motion ; such for example as fine sand ; these, 
during the vibration of the body, will remain on the parts 
at rest, and be thrown from the parts in motion, so as to 
form mathematical figures. To produce such figures, 
nothing is necessary but to know the method of bringing 
that part of the suidEeice which you wish not to vibrate into 
a state of rest \ and of putting in motion that which you 

• See ilto Phfl. Maf « No. IS. 
VOL. II. C C 
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wish to vibrate : on this depends the whole expertness of 
producing vibration figures. 

. Those who have never tried these experiments might 
imagine^ that to produce fig. 2 pi. 19, it would be neces- 
sary to damp, in particular, every point of the part to be 
kept at rest, viz, the two concentric circles and the dia* 
meter, and to put in motion every part intended to vibrate. 
This however is not the case ; for you need damp only the 
points a and &, and cause to vibrate one part c, at the edge 
of the plate ; for the motion is soon communicated to the 
other parts, which you wish to vibrate, and the required 
figure will in this manner be produced. > 

The damping may be best effected by laying bold of the 
place to be damped betweeiTtwo fingers, or by supporting 
it only by one finger. This will be more clearly compre» 
hended by turning to fig. 6, where the hand is represented 
in that position necessary to hold the plate. In order to 
produce fig. 3, you must hold the plate horizontally, 
placing the t^umb above at a, with the second finger di- 
rectly below it ; and besides this, you must support the 
point b on the under side of the plate. If the bow of a 
viohn be then rubbed against the plate at ^, you will pro- 
duce on the glass the figure which h delineated fig. 3. 
When the point to be supported or damped lies too near 
the centre of thé plate, you may rest it on a cork, not too 
broad at the end, brought into contact with the glass in 
such a manner, as to supply the place of the finger. It is 
convenient also, when you wish to damp several points at 
the circumference of the glass, to place your thumb on the 
cork, and to use the rest of your fingers for touching the 
parts which you wish to keep at rest. For example, if you 
wish to produce fig. 4, on an elliptic plate, the larger axis 
of which is to the less as 4 to 3, you must place the cork 
under c, the centre of the plate; put your thumb upon 
this point, and then damp the two points of the edge p and 
q^ as may be seen fig. 5, and make the plate to vibrate by 
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rubbing the violin bow against it at r. There is still an» 
other convenient method of damping several points at the 
edge, when large plates are employed. Fig. 1 represents 
^ strong square bit of metal a à, a, line in circumference, 
which is screwed to the edge of the table, or made fast in 
any other manner : and a notch, about as broad as the edge 
of the plate, is cut into one side of it with a file. You then 
bold the plate resting against this bit of metal, by two or 
more fingers when requisite, as at c and d; by which means 
the edge of the plate will be damped in three points dee; 
and in this manner, by putting the plate in Yibration at^*, 
you can produce fig. 10. In cases of necessity you may 
use the edge of a table, instead of the bit of metal ; but it 
will not answer the purpose so well. 

To produce the vibration at any required place, a com» 
mon violin bow, rubbed with rosin, is the most proper in* 
9trument to be employed. The hair must not be too slack, 
because it is sometimes necessary to press pretty hard on 
the plate, in order to produce the tone sooner» 

When you wish to produce any particular figure, you 
must first form it in idea on the plate, in order that you 
may be able to determine where a line at rest, and where 
a vibrating part, will occur. The greatest rest will always 
Jbe where two or more lines intersect each other, and such 
places must in particular be damped. For example, in 
fig. 7 you must damp the part n, and stroke with the bow 
in p. Fig. 11 may be produced with no less ease, if you 
hold the plate at r, and stroke with the bow aty*. The 
strongest vibration seems always to be in that part of the 
edge which is bounded by a curve: for example, in fig* 8 
«nd .fig. 9, at n. To produce these figures therefore, you 
must rub with the bow at n, and not at r. 
- You must however damp, not only those points where 
two lines intersect each other, but endeavour to support 
^t least one which is suited to that figure, and to no other. 
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For example, when you support a and bj fig*'2y and mb' 
with the bow at c, fig. 7 also may be produced ; because 
both these figures have these two points at rest# To pro- 
duce fig. 2, you must support widi one finger the part e^ 
and rub with the bow in c; but fig. 7 cannot be proi- 
duced in this manner, because it has not the point e at 
rest. 

One of the greatest difficulties in producing the figures, 
is to determine before-hand the vibrating and resting points 
which belong to a certain figure, and to no other. Hence, 
when one is not able to damp those points which distin- 
guish one figure from another, if the violin bow be mbbed 
against the plate, several hollow tones are heard, without 
the sand forming itself as expected. You must therefore 
acquire by experience a readiness, in being able to search 
out among these tones, that which belongs to the required 
figure, and to produce it on the plate by rubbing the bow 
against it. When yovi have acquired sufficient expertness 
in this respect, you can determine before-hand, with a 
considerable degree of certainty, the figures to be pro- 
duced, and even the most difficult. It may be easily con- 
ceived, that you must not forget what part of the plate, 
and in what manner you damped; and you may mark 
these points by making a scratch on the plate with a bit 
of flint. 

When the plate has acquired the proper vibratioi>, you 
must endeavour to keep it in that state for some seconds; 
which can be best done by rubbing the bow against it se- 
veral times in succession. By these means the sand will 
be formed much more accurately. 

Any sort of glass may be employed for these experi- 
ments, provided its surface be smooth : otherwise the sand 
will fall in the hollow parts, or be thrown about in an ir- 
regular manner. Common glass plates, when cut with a 
stone, are very sharp on the edge, and would soon destroy 
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the hair of the violin bow : on this account the edge must 
be rendered somewhat smooth, by means of a file, or a 
piece of coarse hard free-stone. 

You must endeavour to procure such plates as are 
pretty uniform in thickness ; and you ought to have them 
of different sizes ; such as circular ones of from 4 to 12 
inches in diameter. You must not employ sand too fine, 
but rather that which is somewhat coarse. The plate 
must be equally bestrewed with it, and not too thick ; ad 
the lines will then be exceedingly fine, and the figures 
will acquire a better defined appearance. 



KND OF THB SECOND VOLUME* 



T. DAVISON, Lombard-street, 
Whitefriars, London. 



